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THE NATIONAL INSTITUTE OF HEALTH 
OF THE 
UNITED STATES PUBLIC HEALTH SERVICE 


H. 8. Cumminea, M.D. 


Surgeon General 


HE importance of scientific re- 

search is becoming more and 

more appreciated in all branches 
of human activity. Those who are 
actually engaged in such work may 
often have cause to feel that their 
viewpoint is not fully understood, and 
that their efforts are not so highly 
valued as they should be. In fact, a 
few may be reminded of their spiritual 
kinship with the early pioneers in 
science who were always misunder- 
stood, usually persecuted, frequently 
silenced and cast into prison, and 
sometimes burned at the stake. Never- 
theless, the facts are all against the 
truth of any such assumptions, which 
may be taken and dismissed as evi- 
dences of ‘‘temperament.”’ 

It is, however, extremely refreshing 
when a layman, himself not especially 
conversant with the methods of scien- 
\ifie procedure, nevertheless is suffi- 
ciently discerning to appreciate not 


only the material benefits of acquiring 
demonstrable knowledge, but the 
broadening intellectual horizon of man- 
kind which goes along with these 
benefits. Of course there are the 
habitual objectors who are wont to 
look upon all these so-called advances 
with jaundiced eye. In the advances of 
chemistry and mechanics they see only 
increased facilities for destruction and 
the mechanizing of the individual, and 
the discoveries of biology are to them 
subversive of beauty and tradition. 
There are even those who discern 
disadvantages in medical and public 
health advances, accusing them of 
patching up inferiors and breeding a 
race of weaklings, but they have 
signally failed to make out their case; 
moreover, as far as can be seen they 
are quite willing to take advantage for 
themselves and their families of all 
the benefits of modern medicine and 
public health, without bothering to be 
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classified first as fit or unfit, weakling 
or strongheart. 

These considerations did not annoy 
or hinder Senator Ransdell when he 
devised his Bill for the establishment 
of the National Institute of Health. 
With plain good sense he saw that 
research in medicine and public health 
He had had suffi- 
cient observant experience in life to 
be familiar with many examples of 
the benefits arising from such research. 


was a good thing. 


He knew furthermore that there was 
He was 
the Hygienic Lab- 
oratory of the United States Public 
Health Service, talked with the scien- 


not enough of it going on. 


shown through 


tists at work there, admired the equip- 
ment, listened to the story of over a 
quarter of century’s solid accom- 
plishment, and pronounced it all good. 
“But,” he said, “there is not enough 
of this good work going on. You have 
at present many projects and prob- 
lems for research which you are unable 
to undertake 


beeause of insufficient 


personnel and funds.” Irom about 
this time the plan for the Ransdell Act 
began to take definite shape. Its 
passage in May, 1930, was not only 
unopposed but was characterized by 
the support of a large number of med- 
health, 


throughout the country. 


ical, and scientific bodies 

The purpose of the Ransdell Act is 
primarily to provide for the continua- 
tion of just the sort of work which the 
Hygienic Laboratory had been carry- 
as the Senator said, for 
An 
envisioned in which the many subjects 
medical and 


ing on, but, 


much more of it. institution is 


which have 
health 


brought together, each under an able 


of science 


public significance may be 


specialist, to the end that by coopera- 


tion and the exchange of ideas the 
field may be more adequately covered 
and an impetus given to the advance 
against disease. The Act makes use 
of the Hygienic Laboratory as a nu- 
cleus for all this future development. 
and authorizes the appropriation of 
$750,000 for a new building on the 
present site of that well-known institu- 
tion of research. The Parker Act 
passed in April, 1930, provides for the 
establishment of additional divisions 
from time to time as one or another 
branch of investigation looms up suffi- 
ciently important to demand that dis- 
tinction. The present divisions are 
four in number: Pathology and Bac- 
Zoology, Chemistry, and 
Pharmacology. One can surmise that 
before many years there will be divi- 
sions of physiology, physics, industrial 
hygiene, and possibly psychology. 

A significant feature of the Ransdell 
Act is the provision for bringing into 
the organization a group of interested 
and capable workers by means of the 
of fellowships. It is 
contemplated that these will be offered 


teriology, 


establishment 


only to scientists who have already 
demonstrated their fitness to carry out 
independent investigation. They may, 
according to the Act, either perform 
their work under the roof of the In- 
stitute at Washington or be assigned 
to other scientific centers in this 
country or abroad. 

The Act also provides for the exten- 
sion of the facilities of the Institute to 
bona fide health workers of the cities, 
counties, and states for purposes of 
instruction or study. 

Now comes the most interesting 
subject of funds. Aside from the 
three-quarters of a million already 
mentioned and the continuation of the 
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annual appropriations for the person- 
nel and maintenance of the Hygienic 
Laboratory (now National Institute 
of Health) which Congress may be ex- 
nected to provide, the Ransdell Act 
apparently contemplates no support of 
the project from government funds. 
Instead of this the Act provides that 
cifts by will or otherwise may be 
accepted by the Secretary of the 
Treasury on behalf of the United 
States to be applied to the purposes 
which have been discussed. This may 
include the acquisition of land, the 
erection of buildings, the provision of 
equipment, and the establishment of 
fellowships. 

Gifts may be made unconditionally, 
that is, to be applied wherever in the 
program of research they will, in the 
opinion of the Secretary and his ad- 





visers, do the most good; or, subject to 
approval by the same authority, they 
may be applied for specific purposes. 
Gifts of $500,000 or more are to be 
suitably commemorated by memorials 
in the Institute. 

Persons are so blessed with 
financial resources that they are in a 
position to make investments on be- 
half of the welfare of humanity will 
search for a long time before they will 
find a more promising field than is 
offered by the National Institute of 
Health. In the first place this is no 
visionary scheme to make something 
out of nothing. The Institute is 
ilready a going concern. It has ex- 


who 





cellent buildings modernly equipped 
and manned by a scientific personnel 
of proved competence. Its contribu- 
tions in the past (as the Hygienie 
Laboratory) have first 
sound, and, what is by no means 
universal in research work, durable. 

Briefly, the advantages which the 
National Institute of Health offers as 
an investment in health, and conse- 
quently in happiness and prosperity, 
are as follows: (1) The objects are 
good beyond all 
The means, scientific research, are 
generally accepted as the hope of the 
future, near (3) The 
auspices, the federal government, give 


been class, 


controversy. (2) 


and remote. 
the best promise of continuity and 
permanence man can devise. 
(4) Under government machinery the 
danger of wastage and misuse of funds 
(5) The 
and 
pansion of the Hygienic Laboratory 


which 


is reduced to a minimum. 


Institute is a continuation eX- 
which for many years has maintained 
a reputation of the highest order for 
scientific research in public health sub- 
jects. Approximately 120 scientists and 
assistants are at work there daily. (6) 
By means of its publications and con- 
tacts the United States Public Health 
Service is in a position to bring the 
results of this research to the attention 
of health 
throughout the country and in fact 
throughout the world, so that man- 


officials and sanitarians 


kind may profit by their application. 











THE KATA-THERMOMETER AS AN ANEMOMETER* 


T. Beprorp, Pu.D., ann C. G. Warner, B.Sc. 


From the Industrial Health Research Board, London 


ARIOUS papers dealing with 
the kata-thermometer have ap- 
peared in Tris JourNAL. In 
that by Hill, Angus, and Newbold (1) 
the measure of agreement between the 
various equations relating cooling 
power with temperature and air ve- 
locity is discussed, and the various 
equations which have been advanced 
are set out. 
The 


reached by the various observers is 


close measure of agreement 
evidence of the considerable accuracy 
with which the air velocity can be de- 
termined from readings of the dry 
Nevertheless, we thought it 
that the reliability of air 
velocities caleulated from kata read- 


kata. 
desirable 


ings should be demonstrated in uni- 
directional currents by means of some 
The 


were 


direct visual or olfactory test. 


observations to be. deseribed 


made at two collieries; one (Colliery 


A) was 


temperature ranged from 73° to 80°F., 


a safety lamp pit where the 


and the other (Colliery B) a small, 


naked light colliery, where the air 


temperature was about 50° at the 
time of our visit. 
SMELL TEST 
A measured distanee. which varied 


from 10 to 50 feet aeceording to the 


strength of the air current, Was 


Received for publication Aug ais 193 ), 


marked off where the velocity was to 
be determined, and an observer was 
stationed at either end. By means of 
a small blowpipe atomizer the observer 
at the intake side projected a puff o! 
strong ammonia at right angles to the 
direction of the air current, and the 
other observer started a stop watch 
at that When 
observer detected the smell of 
monia, he stopped his watch and the 


instant. this seeond 


am- 
noted. Several observa- 


time was 


tions were made at each place. In 
some cases widely divergent times 
This apparently 


due to variations in the concentration 


were noted. was 
of the ammonia vapor across the sec- 


tion of the airway. If the second 
observer happened to be where th 
concentration was light, he was _ not 
able to detect the smell immediately 
the vapor lor 


reason the air velocity has been cal- 


reached him. this 
culated from the observation giving 
the 
temperature and cooling power were 
the middle of the measured 


fastest time. Observations of 
made in 
distance. 

In ‘Table ] 
locities as determined by the smel! 
test, the vye- 


locities 


we have shown the ve- 
and, for comparison, 
from the 

On the right of 


ealeulated variou 
dry kata equations. 
the table we have shown the extent 
to which the velocities caleulated from 


the dry kata readings vary from those 


he Pe: 
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obtained by means of the smell test. 
The data obtained at the two collieries 
have been recorded separately so as 
‘o show any effect of differences of 
temperature. 

Following are the various equations 
for the dry kata, under the same refer- 


enee numbers as those used in the 
Soe 
LLJLU ec 
Hill. Vernon, and Hargood-Ash (2): 
H ca, Soin 
— = 0.13 + 0.47 v/v (1) 
0 
for velocities of 1 to 17 meters per second; 
H ~ | 
= 0.20 + 0.40 v/v (2) 
A 





for velocities below 1 meter per second. 
Weiss (cited in (1)): 
H - . 

— = 0.49,/y + 0.14 (3) 

0 ; 
for velocities from 0.163 to 9.05 meters 

per second, 

radtke (cited in (1)): 


H - : 
= 0.403 ,/v + 0.10 (4) 
(1.06 
Hill, Angus, and Newbold (1): 
- = 0.50803 y/v + 0.10551 (5) 
0 
The notation in each case is: 
i! = dry kata cooling power 
( = difference between 36.5 and dry bulb 
temperature in degrees centi- 


grade 


Vv = air velocity in meters per second 


Vernon’s temperature corrections for 
equations 1 and 2 may be found in (3). 

Considering first the data from Col- 
liery A, where the temperature aver- 
aged 77°, we see that at velocities of 
200 feet per minute or more, the aver- 
age velocity obtained by equation 1 
was exactly the same as the average 
obtained by the smell test, and the 
ame equation gave a very similar 

erage value when Vernon’s correc- 
‘ions were applied. Iquation 4 gave 
rather high values and equation 5 
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rather low, but they both agreed about 
equally well with the average for the 
smell test. Equation 3 


gave distinetly 
lower values. ( 


At velocities between 
100 and 200 feet per minute, equation 
5 gave the best average result, equa- 
In the 
lowest velocity group, equation 5 was 
not applicable, but equation 3 could 
be used for all except one value. 
will be seen that equation 2 gave a 


tion 2 being very close to it. 


T+ 
A | 


much better average result when Ver- 
non’s corrections were applied than 
when it was used alone. The best fit 
in this low velocity group was given 
by equation 3, for the average velocity 
given by the equation was 43 feet per 
minute, as compared with an average 
of 41 feet from the corresponding smell 
tests. 
When 
of the observations from 
the corresponding smell test values, 
we find results. Taking all 
observations at 60 feet per minute or 
over, the lower limit of the range of 
equation 5, the mean percentage varia- 


ve compare the variability 
] 
L 


individua 


similar 


tion is much the same, varying only 
from 11 to 138 per cent. Below this 
range the best results are given by 
equation 3, and are closely approached 
in consistency by those given by 
equation 2 with Vernon’s corrections 
applied. We have not seen Bradtke’s 
paper, and do not know for what range 
of velocity his equation is valid, but 
at these lower velocities it gives values 
which are definitely too high. 

In the observations made at Colliery 
B, with an average temperature of 51°, 
the best results were given by equa- 
tions | and 2, using Vernon’s correc- 
tions. ‘The mean variability of veloci- 
ties calculated from these equations 
the small test 


from those given by 
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TABLE 1.—COMPARISON OF AIR VELOCITIES DETERMINED BY SMELL TEs? 
WITH THOSE CALCULATED FROM KATA-THERMOMETER OBSERVATIONS 


m2 ; a os | PERCENTAGE VARIATION FRO\W 
AIR VELOCITY (FT. PER MIN.) | a gpeeescngcnie - 
ie bbe eo ee ere SMELL TEST OF VELOCITY 
S ACCORDING TO EQUATION upniieneese econo Se 
; | OBTAINED FROM EQUATION 
- ae . - — “ . 
“ ™~ or yt | e 
pe a = = o | | a | 
fx, ~ cmt 2 om om O55 | 
~ at Sad | Fats 
Pm pe N Nee 5 3 4 N NEE] 5 3 i 
SY . .-, “SS he & “oS TH he & 
ae a = = ae = a0 
Colliery A 
oO] 77.3 | 0.302) 13] 2] save. vy 31) 52) 22 acy Ca 
| 
oo —_ . ere) wé« , 1" nll ‘ my ) ,<« 

40\ 4,| 77.0 | 0.361) 32| 91| 43 yg) ve 40 54 54 20\55 8\ 19 } -.. | 0} |35\,, 

eda mn we cee 4 re ‘ , “ae “f P eno ‘ oy omy VAY) 4 c > 


2 | ee (“" \24(°" |... |10)13)50/' 
79.3 | 0.363} 33) | 46 .... | 411 | 56 23; =| 7] | | 5) (30 
44) 79.8 | 0.355) 30) | 43) wee. | 89) 53) |32) | 2} |... {il} |20) 
120) 78.0 | 0.455) 81) — |: 96) 93 81} =|105) 32 | 20) = 22) 9382) = 12 
125} 75.2 | 0.550\151 /164 15] 138 168 21 31 21; |10} {34 
169>159, 78.8 | 0.602|199)164|208>} 176/188} 161/175) 148|216)184/18}18 |23/18 |11}14) 4)13)/28>19 
185 80.2 | 0.569168} {185 164 151 191; |9 0 11} |18} | 3 


> 
| » | | ~ | ‘ | | ~ | | } 

198) 74.6 | 0.628221 | 996 208 195 234} 12, 14 Oo} | 2} Re. 
: | . | ' | . . = rr | . | 
200) 79.8 0 633/226) (233 | 1212 L199 248 | 13 | 17| 6| | 1] 24 
225| 74.8 | 0.624!218}  |222 205 192 230 3 ] 19} 115 2 
931 | 80.0 | 0.633)226) 233 | 212) 199 247 2} ~- | li. | 8 2/14 7 

5930 = qe 230) 5 ny 204) 0 »215 >202) 244) - > § of @ lar @ ?12 § 
240 é 1.2 () OD 4 PAS | 202 232 | 219| (200 v0 | ) i; ee] 9) | ‘eo 
240 73.9 | 0.623/217 220 204 19] 228 10 \ 15 20 5 

| >-7 lopne — ‘ } 
245 73.5 | 0.651/242] 246 | 221 214 203 ] 0 i) 13} 


Mean variation... a errr 16 14 11 | 13 22 


25)| 52.3 | 0.353] 29 27 37 | 44) 16 8 | 48| 76 
Ae) 52.8 | 0.343] 26| ..| 23 . 34| ..| 41| 10 21|.- 17\.._/41\. 
A am & ot a? ee oe ae of of > 44), 16 | 15 (80) a9 (9 
29 52.3 | 0.366) 3: | 42) 49| 17) | @| 45) 69 
} = } } | me } P 
32 52.2 | 0.346} 26 24 35) 42 19} — |25 9) 31 


42 52.4 | 0.399) 49 47 66 55 63 | 17 12) 57 | 31) 50 


—_ e 

43 50.2 | 0.410) 54 50 71 60 68 | 26\.,. |16 65 | 10|  |5S 

A7| oe tS Bal OOS sal ES 27] OS Gol OOS 68inoh17 9 | 52\... 28 

3 52.5 | 0.395) 47 44 64 53 62) 9 2 49 23 44 
oy 50.4 | 0.452) 67 62 8] 70 79 14 5} 37) |19) {34 
92 53.2 | 0.475! 93 90) 104 92] 103 | 2 13| 0} (12 

~ rp _ “y _ > \ ) \ , — ry | my | ‘ ‘ ) 
97>109| 47.7 | 0.471) 91)113) 84>107 1027120) 907108) 99>118) 6 7 |18? 8 | 5710) 7? 3) 2 
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was only 10 per cent. This measure 
of agreement was closely approached 
by the values from the same equations 
without temperature corrections, their 
percentage divergence being 12 per 
cent. The poorest correspondence 
with the smell test values was found 
| the velocities computed from equa- 

on 5, and this lack of agreement oc- 
curred at the lower limit of velocities 
covered by the equation. At velocities 
of about 100 feet per minute or more 
the formula gave reasonably good 
results. 

Taking account of both sets of data, 
the results of the smell test observa- 
tions appear to agree best with the 
velocities calculated from equations 
| and 2, using Vernon’s temperature 
This is due, largely, to 
ihe greater accuracy of equation 2 
at very low velocities. At the higher 
velocities there seems, on the whole, 
to be but little choice between the 
various formulas. 


eorrections. 


SMOKE TESTS 


\t Colliery A, in addition to the 
ammonia smell test, we endeavored to 
measure velocities by the use of a 
smoke test. As naked lights were not 
permissible, we were unable to use 
smoke of combustion; instead, we used 
fumes of ammonium chloride. Two 
small trays were used, one containing 
strong hydrochloric acid, and the 
otherammonia. When the trays were 


brought together, the vapors from the 
acid and the ammonia combined to 
‘orm whitish fumes of ammonium 
These fumes were not easily 
‘raced by the light of the safety lamp, 
and our timings were much less sure 
ian with the smell test. 


‘7 | } 
chionide. 


1? 


Jecause of 


~] 


this we abandoned the test after a 
few attempts. The results of the 
observations that we made are given 
below, and it will be seen that they 
agree reasonably well with the smell 
test values: 

Velocity 


ft. per min. 


j 
* 


Fume test... 39 40 40 = 171 174 
Smell test... 35 48 44 185 200 


The fume test values were, in four out 
of the five cases, rather less than those 
obtained from the smell test. We at- 
tribute this to our difficulty in seeing 
the fumes. 

At the naked light colliery we ig- 
nited small quantities of a mixture of 
gunpowder and ammonium chloride. 
By this means we obtained dense 
white smoke which could easily be 
traced. Table 2 shows the results of 
these tests compared with those of 
the ammonia smell test, and with 
the velocities calculated from kata 
readings. 

A comparison of this table with the 
lower part of Table 1 shows that on the 
whole, the velocities given by the 
rarious kata equations agree with the 
smoke values to just about the same 
extent as they do with the results of 
the smell test. Iquations 1 and 2 
appear to give the best results. 

The values obtained with the smoke 
and smell tests were not absolutely 
the same; there was an average differ- 
ence of 7 per cent. This we ascribe 
partly to errors of observation, and 
partly to slight variations in the actual! 
velocity of the air currents. 


SUMMARY 


Observations made in coal mines 
are reported in which smell and smok 
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KATA-THERMOMETER 


were used to test air velocities, other- 


wise measured by the dry kata- 
thermometer. 
Although the new observations 


vhich we have adduced are not nu- 
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practical 
dry 


merous, they serve as a 
demonstration that the 
thermometer is really a reliable instru- 


kata- 


ment for use as an anemometer, even 
at very low velocities. 
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RATIONAL METHOD FOR CALCULATING RECORDS OBTAINED BY 
MEANS OF OWENS’ JET DUST COUNTING APPARATUS* 
Dr. M. IXaGAN AND Dr. W. BROUMSTEIN 
Laboratory of Hygiene, State Institute of Labor Protection, Moscow 


WIENS’ counter is a very well 
known and much used porta- 
ble apparatus for taking rec- 

ords and making microscopic slides 
The actual 
methods of direct dust counting, how- 


in any dusty workplace. 


ever, are sO minute and require so 
much time that the convenience of the 
apparatus is considerably diminished; 
moreover, the lack of uniformity in 
difheult a 
comparison of the counts reported by 


counting technic renders 
authors working with this 


instrument. 


different 


Records obtained with ( Ywens’ 


counter consist of a linear deposit of 
dust, often markedly condensed into 


























patches ab one end or both ends 
B B 8B 
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lic. 1.—Diagram of dust record. 


(lig. 1). The the dust 
record depends theoretically on the 


length of 


length of the narrow orifice through 
which the air is drawn into the appara- 
that is, 1] 
with the ruler on the stage of the micro- 


tus ecm.;: when measured 
scope, it varies, according to our data, 
from 9.2 to9.8 mm., averaging 9.5 mm. 
The width of the dust 
ured in squares of the eyepiece microm- 


ribbon, meas- 


eter (usually employed when counting 


* Received for publication April 17, 1930. 


1) 


records) has been ascertained, in our 
experiments, to be from eighteen to 
forty squares—that is, from 0.3 to 0.6 
mm. For counting, a Zeiss 4 eye- 
piece and a ;'5-inch oil immersion Zeiss 
objective are used. 

The methods usually employed for 
counting dust records differ in respect 
to: (1) the number of cross sections 
used for calculations—for instance, 
the Kharkoff Institute of Hygiene and 
Pathology of Labor takes into account 
from twenty-five to fifty, Teleky and 
our Institute use ten, and Middleton 
does not go beyond five, sometimes 
using three, two, and even one; (2) 
the manner in which the coefficient 
is computed; and (3) the way in which 
the dense areas are evaluated. 

The aim of the present work, which 
constituted part of the researches 
conducted in our Institute with Owens’ 
apparatus, was to find a simplified and 
uniform method for calculating rec- 
the first step 
a thorough study of the laws governing 
the distribution of the dust particles 
across and along the record. 


ords. ‘Therefore was 


PARTICLES ON 
SECTION OF 


DISTRIBUTION OF 


Cross RECORD 


In records differing in respect to the 
nature of the dust and the quantity of 
air drawn into the apparatus, counts 
of the dust particles in each square of 
the micrometer eyepiece along the 
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entire cross section of the dust ribbon 
(direction AB in Fig. 1) disclosed a 
definite order in the distribution of 
the particles. At the edges of the rib- 
bon the particles are sparse, but their 
number increases toward the center, 


30} ° 
20} 


10 
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Fig. 2.—Distribution of particles on 
cross section of dust record. 

Abscissas = millimeter squares of mi- 
crometer placed against record; ordinates 
- number of particles in each square. 


where it reaches a maximum. This 
distribution of the particles does not 
depend either on the kind of dust or 
on the quantity of air drawn into the 
apparatus. Samples with metallic 
dust, silica, and tobacco (the volume 
of air drawn in the different records 
varied from 50 to 500 c.c.) showed 
identical distribution of particles. 

The order! of distribution is clearly 
illustrated by typical curves in Figures 
2 and 3, in which the axis of abscissas 
gives the position of the millimeter 
squares of the micrometer against the 
cross strip of the record, and the axis 
of ordinates shows the number of dust 
particles in each square. Thus the 
area limited by the distribution curve 
represents the sum of all the particles 
present in the section chosen. The 
shape of this curve approaches closely 
that of a triangle, and therefore the 
area of a triangle may be substituted 

‘An analogous order of distribution of 
the dust particles was established by Blinow 

1) in the Physical Laboratory of our Insti- 


tute in the course of counting records ob- 
tained with an electric filter. 


Vol. 13 


No. 1 


20 


60 
50 
40 
30 


20 


with great accuracy in place of a cal- 
culation of the area bounded by the 
curve. 

For practical purposes the distri- 
bution curve need not be given in 
such detail as is represented in Figures 
2 and 3; that is, it is not necessary to 
count the particles in all the squares of 
the entire cross section. The area 
bounded by the distribution curve 
may be easily calculated by construct- 
ing an equivalent triangle by means of 
several definite points. Our experi- 
ence shows that for plotting such a 
triangle it is sufficient to count the 
particles at four representative points 
(squares of the micrometer)—namely, 
two from the denser part (center) and 
two from the thinner parts (nearer the 


edges). In accordance with the data 
8&0 aa 
° 
70 


10 











/ 5 10 15 
Fig. 3.—Distribution of particles on cross 
section of dust record. 


Abscissas and ordinates are the same as 
in Figure 2. 


thus obtained, the triangle is con- 
structed as follows: Mark the position 
of the zero points (at the beginning 
and end of the cross section) and of 
the calculated points; then draw the 
two sides of the triangle so that each is 
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within equal distance of the three 
points determining it (one zero point 
Figure 4 
triangle; the double 
circles indicate the position of the zero 
and 


and two calculated points). 
shows such a 
calculated points defining the 
straight lines AB and CD which form 
Point A, 
lying at the intersection of these two 


the sides of the triangle. 


straight lines, is the apex of the tri- 
The the 
zero points represents the cross section 


angle. distance between 








ia. 4. 
to distribution curve. 


Triangle constructed according 


of the record divided into squares by the 
lines in the micrometer. ‘The segment 
formed by the intersection of lines AB 
and CD with the line connecting the 
zero points constitutes the base of the 
triangle. ‘The dotted line represents 
the distribution curve of the particles. 
The area of this triangle is almost 
equal to that bounded by the distri- 
bution curve and will give the sum of 
the dust the 


cross section of the dust record. 


particles contained in 


Hzxample in Calculating a Triangle 


The distance between the zero points 
(length of the cross strip) = 21 squares; 
the number of dust particles in square 
5 = 30, in square 8 = 76, in square 11 = 64, 
and in square 16 = 38. 

The height of the triangle plotted accord- 
ing to these data = 79, the base = 20.5, and 
79 X 20.5 


the area = - - 


7 


Hence the cross fraction contains 810 


particles. 


The question naturally arises: Does 
this number agree with the number 
obtained by direct count under the 
microscope? Our numerous observa- 
tions (seventy-eight) show that, for 
cross strips, the deviation of the val- 
ues calculated graphically from the 
values obtained by direct count varies 
from Oto + 20 per cent. Notwith- 
standing the marked degree that this 
percentage may reach, a reasonably 
close agreement will be secured in the 
final calculation if averages are estab- 
lished for from five to ten triangles 
(cross strips). The deviations neu- 
tralize each other, and the accuracy of 
the final calculation is thus consider- 
ably increased. The percentage de- 
viation between counts obtained from 
an average triangle and those obtained 
from an average cross strip does not, 
according to our observations, exceed 
2.1; it remains therefore within the 
limits of permissible error. For illus- 
tration see Tables 1 and 2. 

In Table 1 are given the counts for 
one of our records. In every cross 
section the number of particles was 
ascertained by direct count and by 
graphic interpretation. The figures 
for individual cross sections showed 
deviations as great as 3.2 per cent. and 
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5.1 per cent., but the averages for ten 
salculated cross sections and ten cal- 
culated triangles were almost equal, 
the deviation being only 0.2 per cent. 


TABLE 1.—COMPARISON OF RESULTS 
OF DIRECT COUNT AND OF 
GRAPHIC INTERPRETATION OF 
PARTICLES IN TEN CROSS 
SECTIONS OF A SINGLE 

















RECORD 

CROSS COUNT OF PERCENT- 
STRIP CROSS re AGE DE- 
NO. STRIP VIATION 

1 1 ,099 1 ,064 —3.2 

2 306 306 0.0 

3 317 313 —1.3 

4 507 505 —0.4 

5 326 324 —0.6 

6 246 250 +1.6 

7 300 315 +5.0 

8 612 643 +5.1 

8) 446 442 —0.9 

10 1 , 537 1,522 —1.0 

Average. 569 568 | —0.2 














TABLE 2.—COMPARISON OF RESULTS 
OF DIRECT COUNT AND OF 
GRAPHIC INTERPRETATION OF 
PARTICLES IN A SERIES 


} 
a 























| 2 | ; oo | 8 
- PERCENTAGE) | S |e 
| & DEVIATION | , | 3 | BZ 
| A OF SEPARATE) 2 | « me 
| & TRIANGLES | 5 | 2]as 
> | $8 |lpromcounts| 9 | & > 
‘i Be | C2 mH 
. f - eS | & So | OA 
> | fy &@ | | di day 
—~ | ob] a ~~« | «= oe | em 
>| .e /Maxi-| Mini-| sm | | a S 
f-) | YS ww + } » . : 
2 | OF ;mum|mum) % | ai @ 
— | 
“— “—— » 
I 10 | 9.6; 1.0} 185 | 137 | +1.5 
. = wat » | 
2 6 | 18.0 | 2.5 | 167 | 166 | —0.6 
) oo } | ~ ! ~ ' ‘ 
10 | 5.0} 0.0 | 569 | 568 | —0.2 
9 | 17.0| 0.0 | 243 | 248 | +2.1 
5 | 8 | 20.0} 2.0| 401 | 409 | +2.0 
6 D9 | 4.5} 2.4} 502 | 502 | 0.0 
7 5 8.9 | 0.9 | 517 | 506| —2.1 
5 | 10.4} 1.9 | 391 | 386 | —1.3 
J 1] 7.0 0.1] —1.3 


535 | 528 





In Table 2 we have comparative 
counts obtained by the direct and by 
the graphic method for a series of 
records. In spite of the marked de- 
gree of the maximum deviation in in- 
dividual cases (20, 18, 17 per cent.), 
the final calculation lowers the per- 
centage of error to 2.1 per cent. 


A 


























Fia. 5.—Distribution of particles length- 
wise of dust record. 


Absecissas = distances of calculated 
cross sections from beginning of dust rec- 
ord; ordinates = number of particles in 
each cross section. The average number of 
dust particles in one cross section is desig- 
nated by the dotted line. 


DISTRIBUTION OF PARTICLES LENGTH- 
WISE OF RECORD 


In the distribution of the particles 
lengthwise of the dust ribbon (Fig. 1, 
along the line CD), we have detected 
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no definite order. Figure 5 shows 
that the number of dust particles 
in separate strips fluctuates within 
certain average values, with devia- 
tions to either side amounting some- 
times to SO per cent. 





























I'iG. 6.—Sample of tobacco dust; 50 c.e. 
of air drawn. 

Abscissas number of calculated cross 
from which average values were 
plotted; ordinates percentage deviation 
of calculated average from average of de- 
tailed counts. 

The dotted line 
dom counts: 


sections 


deviations from ran- 
the continuous line devla- 
tions from equidistant counts. 


Absence of any noticeable law in 
the distribution of particles along the 
record made it necessary to calculate 
the loci for the counts and to fix their 


Co, 
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hic. 7.—Sample of magnesite dust; 50 


c.c. of air drawn. 

In this and following figures, abscissas, 
etc., are the same as in Figure 6. 
number. This could be done only by 
comparing results obtained by direct 
count of the particles along the whole 
record with those yielded by some 
The method 


simplified estimation. 





adopted in our researches was, in the 
main, as follows: On six records of 
different kinds of dust (tobacco, mag- 
nesite, and dust from polishing and 
grinding machines) with different vol- 
umes of air drawn (from 50 to 400 c.c. ) 
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Fig. 8.—Sample of dust produced by 
grinding machines; 100 c.c. of air drawn. 


particles were counted in from forty to 
intervals of 0.2 
mm.; the average number of particles 
falling in one cross section was then 
this average value 
is computed from a considerable num- 
ber of observations, it is safe to con- 
clude that it is characteristic for the 
whole dust ribbon—that is, that the 
result obtained by multiplying this 
number by the number of cross sec- 


fifty cross strips at 


determined. As 
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Fic. 9.—Sample of dust produced by 
grinding machines; 100 c.c. of airgdrawn. 


tions along the record gives the nearest 
approach to the actual number of 
dust particles in the entire dust ribbon. 

After these detailed counts had been 


vas sub- 


made, each of the records 
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jected to a series of combined counts 
of 10, 7, 5,3, and 2 cross strips chosen 
at equal distances from each other 
(every 1.5, 1, 0.8 mm., etc.). The 
average numbers of particles in a cross 
strip obtained by these simplified 
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Fig. 10.—Sample of dust produced by 
srinding machines; 200 c.c. of air drawn. 


counts were compared with the aver- 
age obtained in the detailed enumera- 
Besides comparing results of 
counts made at equal distances (equi- 
distant counts), we also compared 
random counts. Data yielded by 
analysis of the dustiness of the record 
are illustrated in Figures 6 to 11. 

We see from the curves that the 
error decreases abruptly with the in- 
crease in the number of cross sections 


(10N., 



































% 
10 \ 

a \ 

a ~. 

. Ba 
5 q —— _ a 

‘ a ae a + 

| ‘ 

| N 

a ‘“ 
. A. i i i i 

/ 3 5 7 c 


ia. 11.—Sample of dust produced by 
“rinding machines; 400 c.c. of air drawn. — 
counted; it remains almost constant 
a certain interval—between the 
ourth and the eighth strips—for both 
equidistant and random counts. In 
equidistant counts the deviation at 





this interval, according to our obser- 
vations, varies between 3 and 6 per 
cent., except in one instance where 
it reached 9.5 per cent.; in random 
counts it remains within the limits of 
4.5 and 10.5 per cent. When ten 
cross strips are counted, regardless 
of the method applied, the error does 
not exceed 4 per cent. Our observa- 
tions show that the error curve is 
somewhat more regular and uniform 
with the equidistant counts. 

We may conclude from the fore- 
going that on records with an even 
layer of dust (see for example Fig. 5, 
B and C), it is necessary to count only 
a few cross strips (triangles)—say, 
five—to avoid falling into serious error. 
On slides with an uneven layer of dust 
(Figs. 5A and 10), a greater number of 
calculated triangles—nine or ten— 
should be counted for the sake of 
accuracy. With regard to the selec- 
tion of loci for the counts, we believe 
that it answers the purpose better to 
calculate triangles at equal intervals, 
in spite of the fact that this method 
has only very slight advantages; in this 
way a series of errors, such as is pos- 
sible in the arbitrary choice of loci, is 
avoided. 


COUNTING PARTICLES IN DENSE 
PATCHES AT ENDS OF 
RECORD 


As was mentioned above, the dust 
record very often presents at the ends 
dense patches which occupy from five 
to ten squares on the micrometer—that 
is, from 1 to 15 per cent. of the com- 
plete length of the record. The ques- 
tion naturally arises whether these 
dense areas must be evaluated; and if 


In the literature 
this question has been touched upon 


so, by what means? 
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only by Rosenthal-Deussenand Teleky, 
who consider these patches as a con- 
stant phenomenon and consequently 
requiring quantitative determination. 
Their method was to count the par- 


TABLE 3.—COMPARISON OF COUNTS 
WHEN DENSE AREAS ARE INX- 
CLUDED AND WHEN DENSE 
AREAS ARE OMITTED 


NO. OF PARTI- | 
CLES IN 1 C.c. | 


| 


DE- 


REC- 


. OF AIR | | . | 

Z. | <— 7 o Q 

~ Dense | Dense | > - | 2 
~ Areas; Areas} 8a | 593] °8 
C In- |Omit-| 25 | 260] -< 
~ |cluded ted | & 3 7, 

| | mm, | 

1 | 2,069 | 2,100} +1.5|; 9.5] 1 
2 1,561 | 1,668 | +6.8 | 9.3 l 
3 | 2,202 | 2,256 | +2.5) 9.5 1 
4 | 1,421 | 1,478 | +4.0} 96] 1 
5 | 1,4411 1,455} +1.0] 9.2] 2 
6 1,750 | 1,766 | +0.9| 9.4 2 
7 | 1,454 | 1,452) -0.1| 9.6); 1 
S | 1,449 | 1,464! 41.0} 9.6} 2 
i) 947 | 964; 4+1.8| 9.5] 2 
10 | 3,393 | 3,376 | —0.5; 98); 2 
11 | 1,327 | 1,368 | +3.1] 9.6 1 
12 | 1,179! 1,200 | +1.8!| 9.7 2 
13 | 2,407 | 2,514 | +4.4 Q 7 | ] 
14 1,440 | 1,427 | —0.9 9 8 l 
15 984 971 | —1.3 97 2 
16 | 1,965 | 1,924 | —2.1] 9.8 2 
17 2,080 | 2,580 —() 2 9.5 l 
IS 1,359 | 1,844 | —1.1 9.5 | 2 
19 2,825 | 2,745 | —2.8 9.5 | 
20 1.565 | 1,552 | —0.8| 9.8 l 


ticles in ten strips on a record, includ- 
ing several from the dense areas at the 
ends of the dust ribbon, and then to 


determine the average of these ten 
counts. Sinee the number of par- 


ticles in a strip of the thick layer, ac- 


cording to Rosenthal-Deussen and 
Teleky, is more than twice that in a 
cross strip in the middle of the record 


(we have observed values three and 


four times higher), the average will 
naturally be much increased. When 
we tried this method and ealculated 
the average for ten cross strips, we 
obtained a value of 72 when the dense 
areas were included, and a value of 
52 when they were omitted; in another 
such experiment the values 
respectively, 570 and 306. 

It isquiteevident that such a method 
of estimating the dense patches must 
be given up. We have therefore tried 
to approach the problem in another 
way, by treating the thick deposits at 
the ends of the record as independent 
We determined the total 
number of particles in one cross strip of 
these areas and multiplied it by the 
number of cross sections in the areas 
(from five to ten, in our experiments). 
The value thus obtained was added 
to that found for the total record, 
dense patches excepted. For greater 
accuracy the length of the dust record 
was measured each time with the ruler 
on the microscope stage, and the 
coefhicient was computed from the 
figure obtained.’ 


were, 


samples. 


2 The value of the record is calculated by 


os 

means of the following formula: X = N* = 
S C 
N ai where X is the number of particles in 
1 c.c. of air, N the average number of par- 
ticles in a cross strip, S the number of cross 
strips in the whole record (within the given 
optical conditions), C the volume (cubic 
centimeters) of air drawn. Given a con- 
stant length for the dust ribbon, equal 
optical conditions, and a constant volume 
of air, the coefficient is a constant value. 
S is the function of the record, but as its 
actual length varies only very slightly 
(from 9.2 to9.8mm., averaging 9.5 mm., in 
our experiments) and as these variations 
affect the value S but little, in order to 
simplify the calculations our Institute ac- 
cepts the length as 1 em., as do Owens and 
Middleton; this corresponds to the length 
of the orifice of the apparatus. Rosenthal- 
Deussen and Teleky make their calculations 
from the actual length of the record—9.2 
mm., according to their data. 
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From the foregoing we see that the 
estimation of records including counts 
from the dense patches and evalua- 
tion of the actual length of the sample 
is tedious and minute work. We can- 
not help wondering whether the time 
and the work it requires are entirely 
justified. Data presented in Table 3 
supply an answer to this question. 
They represent the results of counts 
obtained with the same records: (a) 
with estimation of the dense areas and 
the actual length of the sample, and 
(b) without estimation of these areas 
and with the usual coefficient. In the 
fourth column is given the percentage 
of error for the second method of 
counting. It is obvious from this 
table that for the general character- 
isties of the dust record, evaluation of 
the dense areas at the ends of the 
sample is unimportant and may be 
omitted; counts without these areas 
and with a coefficient calculated from 
the length of the record 
| em. are entirely adequate. 


taken as 


ADVANTAGES OF ProposEeD METHOD 


[experimental findings show that 
counting records of medium density 
by the old method requires from 50 to 
60 per cent. more time than estimating 
them by the graphic method (tri- 
angles). The economy in time is par- 
ticularly great when one is dealing 
with dense records where particles are 
counted by the thousand. Moreover, 
counting the particles in the whole 
cross section produces fatigue of the 
eyes which impairs the accuracy of the 
humeration. Graphic interpretation 
does not produce this fatigue, because 
it reduces the number of micrometer 
“quares counted in every cross strip 


f 


irom between eighteen and forty to 


four (and from between 180 and 400 
to forty, when ten cross strips are 
counted); it therefore contributes to 
greater accuracy in the counts. More- 
over, counting the particles alternates 
with plotting the triangles and calcu- 
lating them; this gives the worker an 
opportunity to rest his eyes, and thus 
lessens eyestrain. Lastly, the possi- 
bility of counting a small number of 
triangles and not being obliged to es- 
timate the dense areas at the ends of 
the record saves still more time and 
enables the worker to experiment on a 
larger number of records. 


SUMMARY 


Observations on the order of dis- 
tribution of the dust particles in the 
record obtained by Owens’ dust coun- 
ter allow the following conclusions: 

1. The direct counting of dust par- 
ticles in a cross strip may be replaced 
by the calculation of the area of a 
triangle constructed with the help of 
six guiding points (two zero and four 
calculated points). 

2. On records with an even layer of 
dust it is sufficient to calculate a small 
number of triangles—say, five; on 
records with an uneven layer a greater 
number should be calculated—ten, for 
example. To avoid subjective choice, 
cross strips should be chosen at equal 
distances. 

3. It is not necessary to establish a 
new coefficient in each case by meas- 
uring the actual length of the record, 
since counts derived from a length 
assumed as 1 em. give but very slight 
deviations. 

4. Counting the dense areas has no 
significant effect upon the results of 
evaluation of the record and, what is 


more, it complicates the work con- 
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siderably; consequently it may be 
omitted. 

5. The method here described may 
not 
only contributes to greater accuracy 
in the but 


be considered adequate, since it 


counts, also saves time 


and lessens the fatigue of microscopic 
work. 


We wish to express our thanks to Pro- 
fessor A.-S. Predvoditeleff, Director of the 
Physical Laboratory, for his ever-ready 
counsel and many valuable suggestions. 
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COAL MINERS’ LUNG: A RADIOGRAPHIC STUDY OF CERTAIN 
GROUPS OF INDUSTRIALLY HEALTHY SOUTH WALES 
COAL MINERS* 


Tue Kinc Epwarp VII WretsH NATIONAL MEMORIAL ASSOCIATION 


INTRODUCTION 


HIS preliminary study was 

undertaken by three selected 

Teams of the Medical Staff of 
the Welsh National Memorial Associa- 
tion, each of which was so placed as to 
be able to study miners employed in 
vetting a different type of coal. It 
was a preliminary inquiry confined to 
the examination of men in working 
health, and was intended to furnish a 
basis from which to proceed in any sub- 
sequent investigation into the radio- 
graphic appearances in the chest dis- 
eases of coal miners. 

With a view to obtaining a compari- 
son between the chest radiographs of 
healthy coal miners and those of per- 
sons not exposed to coal dust, Dr. H. E:. 
Watson, Medical Superintendent of 
the South Wales Sanatorium, Talgarth, 
Brecon, kindly provided a series. of 
twelve X-ray photographs of healthy 
agricultural workers of ages compar- 
able with those of the colliers examined. 
‘our of these are here reproduced for 
comparison with the four radiographs 
which accompany each of the Team 
reports. 

The members of the three Teams, 
whose reports are now introduced, fre- 
quently met to discuss progress and to 

Ompare and discuss their methods of 
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investigation. In these meetings, Dr. 
D. A. Powell, Principal Medical Officer 
of the Welsh National Memorial Asso- 
ciation, Professor 8S. Lyle Cummins, 
Professor E. L. Collis, and Dr. H. E. 
Watson took part. Thus close touch 
between the workers was assured. 

The general program of work, as 
arrived at during these meetings, was 
as follows: 


1. To discover, by the examination of 
coal miners (preferably over 40 years of 
age) who have been working as hewers for 
a period of fifteen years or over, but exclud- 
ing men who have worked in hard headings, 
whether they show abnormal X-ray ap- 
pearances, these appearances, nevertheless, 
being consistent with ability to work. 

2. To ascertain whether, in the case of 
coal miners of the foregoing groups, abnor- 
mal X-ray appearances are found to be as- 
sociated with alterations in chest expansion 
and general physique; or with alterations in 
vital capacity where facilities for recording 
the latter are available. 

Groups of healthy coal hewers from an- 
thracite collieries, steam coal collieries, and 
semibituminous collieries to be studied in 
relation to the following points: 

Details of Employment.—(a) Duration 
of employment as worker in coal. (6) 
Capacities in which employed, with length 
(c) Kind of 
coal worked, e.g., semibituminous, steam, 
anthracite. 

Physical Records. 
without boots. (+) Chest measurement at 


of time: dusting, hewer, ete. 


(2) Standing height 


nipple line in full expiration and full in- 


~ ae OO 08 Ee. meee ee 
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spiration. (c) Weight in shirt and trousers. 
(d) Spirometer records where obtainable. 
Standardized X-Ray Technic.—(a) Po- 
sition of patient: standing with tube to 
back, arms drawn forward and rotated in- 
(b) 
Phase of respiration: partial inspiration. 
(c) Position of tube: foeus of tube centered 
(d) 


30 inches, approxi- 


ward to remove shadows of scapulae. 


at level of third chondrosternal joint. 
Film 
mately (duplicate at 36 inches in certain 


4 
4 


target distance: 


(ec) Spark gap: 4 inches, ap- 
proximately. (f) Current: 20 milliamperes. 
(g) Exposure: will vary with thickness of 

(h) intensifying 
used. 


type cases). 


patient. Screen: double 
to be ({) Films: kodak-contrast. 
(7) Developer: kodak. (k) Fixing: kodak. 
(1) Time and temperature of developer: 
approximately six minutes at 65°F. 


Although the members of all three 
Teams kept in close touch throughout 
the investigation, it was agreed that 
each Team should work on its own lines 


in regard to the assessment of radio- 
graphs. The Team engaged in study- 


ing miners in steam coal from the 
Rhondda Valley worked out its own 
method the Team 
investigating miners from the bitumin- 


of classification: 


ous and semibituminous coal seams of 
the Nine Mile Point and Llanbradach 
Collieries the 
cently introduced by Dr. Irvine of the 


used classification re- 


TABLE 1.—COMPARISON OF CRAI 
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gested by Professor Cummins, which 
is described in their report. 

It is significant that although each 
Team used a different system, all were 
led to the conclusion that mottling, 
usually fine but in some cases coarse, 
was & conspicuous feature in the films 
examined; and that this evidence of 
lung fibrosis became more marked with 
increasing years of exposure to mine 
dust. While it was realized that much 
was to be gained by allowing to each 
Team full latitude in selecting its own 
method of reading and evaluating its 
films, it was felt, also, that a compari- 
son of the films from each type of coal 
miner ought to be made on standard 
lines. 

For this purpose all the Teams sub- 
mitted their films to Dr. Jordan and 
Dr. Clark in order that readings should 
be made according to the method sug- 
gested by Professor Cummins, which 
is briefly as follows: 


Marks up to a maximum of 10 to be al- 
lotted to each film under each of the three 
headings, mottling, arborization, and diffus 
shadows. The total marks allotted under 
each heading for the whole group to be 
added together and the result expressed as 
a percentage of the possible marks. 
G-Y-NOS WITH OTHE 








PERIOD 
NO. OF VERAGE . 
AREA oan “ a | UNDER- | MOTTLING 
“i sa GROUND | 
yrs. yrs. To 
Craig-y-nos (anthracite) 42 48.0 32 72.4 
Glan Ely (steam coal) 48 50.0 34 34.0 
Cefn Mably (semibituminous) 40 42.5 28 48.0 
Miners’ Phthisis Bureau, Johannes- A comparison between the films 


burg; while Dr. Jordan and Dr. Clark, 
examining anthracite coal miners, em- 


= 


ployed a system of assessment sug- 


taken at Craig-y-nos, Glan Ely, and 
Cefn Mably is of considerable interest 
Table 1 shows that the films are com- 








COAL MINERS’ 


D- 

\I., g: 
not colds 
larked 


arborization: no mottling 
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parable with regard to age and length 
of work. 
The results for the four groups of 


X-ray films, including those from the 


INDUSTRIAL HYGIENE 


onee to industrial disability, beeome 


apparent in diminished chest expan 


sion, lowered vital capacity, and som 


loss of weight. The relation of thi 


agricultural workers, are given in gradual change to aetual pulmonary 
Table 2. disease requires 2 moment’s considers 
TABLE 2. COMPARATIVE FIGURES FOR FOUR GROUPS OF EFLLAIS 
NO. O1 | \RBORIZA- DIFFUSI 
AREA MOTTLING 
PILMS TLON SHADOWS 
( ( ( 
Talgarth (healthy men 12 6 0 te’ 0 
('raie ho 2 12.4 2Y S.Y 
Cilan Lely tS 34 0 Ld 6.0 
C‘otn Matty 1) ts _O 26 0 0 


The mottling present in) the anthra- 


CILe workers is over twiee threat in the 


workers in stenm e@onl. and it 


seems 
probable that further researeh will be 
NEeCECSSATY la) elucidat the CiuuUSse OF 
enuses of sucha marked difference. 
rom these investigations and eom- 
parisons if seems certain that within 
the span of a miner's working life and 


he still Le 


enalled working health, exposure to the 


while retains what mivy 
dust of the eon! PIs, ana, perhaps, 
especially to the dust of the anthraeite 
eoaul mines, leads to marked alterations 
in the lungs, visible in X-ray films and 
to the 


comparable in) many respects, 


alternations regarded as charaeteristie 
of That 


‘ire consistent with working health Is él 


silicosis. such appearances 
fret which has a very important bear- 
Ing Upon the Interpretation of raidio- 
graphs Ik CELSCS of pneumonokoniosis 


With the 


Inhalation of 


prolonged exposure — to 
and the dusts 
he 
with the development of lung fibrosis 


X-ray filins. 


orci 


eon! dust 


associited with lt in ft Pines, and 


icLS IT) there VOCS ft) 


SCOT) 
deterioration 


lead 


LO 2 


tendency 
ful 


which. though insufhicient to 


tion before bringing these introductory 
paragraphs to a elose. 

The blackening of the lungs of city 
dwellers, «a condition reecenized as 
common in past centuries, was shown 
by Pearson (1), in IS13, to be due to 
the accumulation of carbon particles, 
“couly matter,’ to use his own expres- 


ihe 


glands and tissues of the lungs. 


sion, in lymphatic 


The 


Lerm anthreacosis tO deseribe this dle- 


pulmonary 


POst of earbon appears to have been 
first introduced by Stratton in 18358, to 
distinguish it from the more malignant 
eondition of melanosis, 

While mere anthracosis was usually 
regarded as consistent with health, an 
association between coal mining and 
affections of the lung has long been 
exist. [arly in the last 


elaimed to 


century, Patissier (2) remarked on thi 

] 
prevalence of asthma among coal 
miners. William Thomson (3), i 


IS37. wrote an exeellent paper on blael 
expectoration and the deposit of blael 
matter in the lungs, particularly as 
occurring in coal miners, in econnectiol 
with chest complaints, associating 1 


however, not only with coal dust but 
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with working in the hard stone between 
the coal seams. 

Later in the century, Greenhow (4) 
told of this trouble prevailing among 
eoal miners in South Staffordshire and 
in South Wales. For a full bibli- 
ography of this subject, the reader is 
referred to an excellent paper by Willis 
5), who earried out interesting experi- 
ments in the exposure of animals to 
coal dust in 1921. 

This blackening of the lungs, to 
which coal miners are undoubtedly 
subject in especial degree, has not, 
however, been universally accepted as 
a pathologie condition; in fact, the 
claim has been made that coal dust 
may even exert a protective influence 
against tuberculosis. As against any 
such protective influence, however, 
stands the undoubted fact, brought 
clearly to light by Dr. Norman Tatter- 
sall (6), that men exposed to silica 
dust in coal mines while driving roads 
through sandstone rocks succumb to 
silicosis and tuberculosis just as if the 
dust risk were in no way modified. 

Without doubt, in lungs which have 
become fibrotic as the result of silicosis, 
coal dust may collect in such amount as 
to exert an injurious, and possibly < 
fatal, influence, as shown in a case of 
which the pathology has been de- 
scribed by Cummins (7). 

A recent paper by E. L. Collis and 
J. C. Gilchrist (8), dealing with the 
effects of dust exposure on coal trim- 
mers in South Wales indicates that 
these men tend to succumb in excess 
from bronchitis and pneumonia, but 
not from phthisis; while their lungs, on 
X-ray examination, exhibit signs simi- 
lar to those widely regarded as char- 


acteristic of silicotie fibrosis. These 


trimmers, working in the holds of 


ships, are exposed at different times to 
dust arising from all types of coal— 
bituminous, steam, and anthracite. 
The present research suggests that the 
inhalation of dusts arising from these 
different types of coal may be followed 
by different results. 

Turning from the variations in the 
X-ray appearances of the lungs of 
healthy miners working in different 
types of coal, it is interesting to pass 
on to a consideration of their variations 
in pulmonary disease. ‘The following 
details have been supplied by Professor 
E. L. Collis, to whom the Association 
is greatly indebted for his kind assist- 
ance in connection with the present 
investigation. 

Mortality from pulmonary diseases 
among coal miners in England and 
Wales has long been known to vary 
greatly on the different coal fields, as 
may be seen from the comparative 
mortality figures for ages 25 to 64, 
inclusive, which are given in Table 3. 

Laneashire stands out above the 
other fields at both periods for each of 
the three causes of death; nevertheless, 
in the case of phthisis, the mortality 
was well below the standard set for 
the Kingdom by occupied and retired 
males; but for pneumonia, and even 
more so for bronchitis, the mortality 
was in excess of the standard. ‘The 
mortalities experienced on the South 
Wales coal field stood in 1900 to 1902 
close up second; in 1910 to 1912 they 
had undergone definite improvement, 
but still the mortality from bronchitis 
stood distinctly high. 

The most recent Decennial Supple- 
ment (9) dealing with occupations con- 
tained more detailed information, since 
the mining occupations are so sub- 
divided that data relating to hewers 














of 


every 1,000 persons returned as belong- 


and getters, who comprise 530 out 


ing to the coal mining industry, are 
kept separate from those for other 
underground workers and for workers 


above ground. Further, the data for 


TABLE 3 
COAL MINERS IN 


COAL FIELD 
Phthisis 
Nottinghamshire 53 
Derbvshire . 70 
Northumberland and Durham 70 
Yorkshire Ss] 
\ionmouthshire and South Wales 70 
Lancashire 107 
All eoal fields 76 
All occupied and retired males. | 142 


TABLE 4. 


1910-1912 | 


j 


| 
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coal; (b) the mid or Glamorgan area. 
wherein most of the coal got is steam 
coal; and (c) the western area, wherein 
proportion of the coal is 
anthracite. 

Hewers or coal getters, at least on 


a large 


COMPARATIVE MORTALITY FROM PULMONARY DISEASES AMONG 
KNGLAND AND WALES, AGES 
25 TO 64, INCLUSIVE 


| 1900-1902 


) 4 « | - | e e Pp ‘l= | ( ~ 
Pneu- | Bron IPhthisis Pneu- | Br on 
monia | chitis monia | chitis 

40 | 25 : 4 
; i | 64 | 982 49 
o4 | 39) | | 

| 7 | j a 
54 | 33 84 54 | 41 
69 45 88 71 «| 67 
69 66 93 108 | 104 
100 SS 96 149 | 1138 
64 5] 89 86 | 79 
66 os 187 92 58 


STANDARDIZED MORTALITY (C. M. F.) OF COAL HEWERS, AGED 


20 TO 65 YEARS, FROM CERTAIN PULMONARY DISEASES, 1921 TO 1923 


COAD FIELD 


RESPIRATORY 


PNEUMONIA BRONCHITIS 


TUBERCULOSIS 


Nottinghamshire 

Derbyshire 

Northumberland 

Durham 

Yorkshire 
|! Monmouthshire 
Glamorgan 
Western 


South Wales 


Lancashire 
All coal fields 


All oceupied and retired males 


the South Wales eoal field are sub- 


divided three distriets which 


the 


into 


comprise: (a) eastern or Mon- 


mouthshire area. wherein most of the 


coal got is soft bituminous or house 


95.3 62.3 53.5 
68.9 60.3 65.0 
98.9 | 73.4 47 .6 
85.5 eae 38.8 
135.9 | 94.2 | 58.8 
92.5 | 88.6 62.0 
112.1 | 77.2 101.6 
191.1 | 115.2 139.3 
165.1 109.4 98.6 
112.2 83.2 70.7 
163.5 85] 49.6 


the South Wales coal field, are mainly 
exposed to the dust arising from the 
coal they work; as will be seen in the 
Team however, they 


reports, may 


sometimes perform duties which in- 
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volve exposure to stone dust as well. 
\fortality records for pulmonary dis- 
eases among hewers employed in the 
three areas of South Wales may be 
claimed, in so far as they differ from 
each other, to give some indication as 


South Wales areas are considered, the 
western area, that reported on by 
Doctor Jordan and Doctor Clark, is 
found with figures for each of the dis- 
eases not only above those for the other 
two areas, but above those for all 


TABLE 5.—MORTALITY FROM RESPIRATORY DISEASES AT CERTAIN AGE 
PERIODS PER 100,000 LIVING, AMONG SOUTH WALES COAL 


HEWERS, 1921 TO 1923 





16- | 


AGE PERIOD 








20- | 25- t 
Bronchitis 
. ~ | } op — or = ‘ or 
MONMROUTRBRING. 60.06 0d ceisavsesens / Oj}; 5 | O | 20 | (4 | 25% | 1,235) 3,053 
I co ciascaseecraaxresesees 0 | 2 | 8 | 16 | 83 | 508 | 1,304) 3,542 
Westernl............0.ccceeseeeeeeef O | O | O | 24 | 59 | 789 | 4,138] 5,936 
All occupied and retired males.....| 1 3 | 6 | 20 | 56 | 191 | 509) 1,771 
Pneumonia 
\ionmouthshire.......... rer | 20 | 54 | 17 | 7 94 | 223 | 363, 339 
Glamorgan.... 24 | 39 33 dD 97 160 | 333 459 
| a ~ oO | on 40 NNQ 
2 a ee err rr 16 | 15 44 47 | 137 | 368 460, 228 
\lloceupied and retired males. 21 28 40) 72 103 | 170 276 472 
Re sptratory Tube rculosis 
Monmouthshire.................... 24 87 | 90 | 78 | 67 112 | 0 0 
Glamorgan............ ee | 58 84 65 | 106 119 160 | 194) 66 
Western!........... 7 7 32 | 201 158 | 119 | 254 | 158 | 0 U 
\lloceupiedandretiredmales.......| 69 136 133 160 | 166 | 150 | 114 64 


! Brecknockshire, Carmarthenshire, Pembrokeshire. 


to whether dusts from the three types 
of coal named exert different patho- 
logic effects. 

The standardized mortality figures 
ior these three areas, as compared with 
certain other coal fields, are shown in 
Table 4. These figures indicate that 
inglish coal miners on an average 
suffer decidedly less than the standard 
set by occupied and retired males from 
respiratory tuberculosis, about the 

ime from pneumonia, but definitely 
more from bronchitis. When the three 






the other fields, and for occupied and 
retired males, the excess being greatest 
for bronchitis. 

Table 5 gives for these respiratory 
diseases mortality rates per 100,000 
living at various age periods which 
occurred during the years 1921 to 1925 
among coal hewers and getters in the 
three districts of the South Wales 
coal field. 

An excess of bronchitis, when com- 
pared with that experienced by all 
occupied and retired males taken as a 


. Mt i el a OOOO, ee et 
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standard, is found among coal hewers 
aged 45 years and over. ‘This excess 
is most pronounced in the western 
group, while the Glamorgan hewer 
suffers more than his colleague in Mon- 
mouth from this cause of death. 

Coal hewers of the western group 
experience an excess death rate from 


An 


excess for the Glamorgan and Mon- 


ages 45 to 75. 


P ame) 


pneumonia at 


mouth hewers is present only at ages 
65 to 75. 

Although, as is usual for coal miners, 
the three groups of coal hewers experi- 
death 
respiratory tuberculosis, a slight excess 


ence no excessive rate from 


is present for the western hewers. 

In the absenee of any other con- 
tributing influence, the trend of these 
would contention 


records support a 


that oecupational exposure to dust 


from anthracite coal mining exerts a 
definitely injurious effect on the lungs, 
which increases with age, and expresses 
itself particularly in mortality from 
bronchitis and to a less extent in mor- 
tality from pneumonia and from respir- 
Dust of mining 
in bituminous and semibituminous coa| 


atory tuberculosis. 
does not appear to exert this influenc 
to the same degree, although some 
undue mortality in late life from bron- 
chitis is associated with it. 


The work of the Teams was greatly a 
sisted by information as to geologic and 
other features in the mines concerned kindly 


furnished by Captain J. Macleod Carey, 


Mr. T. Ashley, and Mr. P. T. Jenkins of 
His Majesty’s Mining Inspectorate, and 
by Mr. E. T. Rees of the Pare and Dar 
Collieries. To these gentlemen, and als 


to the officers of the mines concerned, th 
Association is indebted for invaluable help 
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TEAM REPORT NO. 1 
REPORT ON INDUSTRIALLY HEALTHY HEWERS OF STEAM COAL 


A. BRowNLEE, E. Fouuiorr, J. C. Gitcurist, AND R. M. Hiuey 


COLLIERY CONDITIONS 


HE environment of the two col- 
lieries in which the men had been 
employed was as follows: Lower 
eoul measures were worked, consisting 
of seams of coal with interstratified 
shales and some few beds of sandstone. 
The type of coal was sub-meta-bitu- 
minous and orthocarbonaceous, giving 


on analysis: 


% 
Carbon.............e2e-+2. 89.0-92.0 
ET 6s Ree eeensie ees 4.2- 4.9 
i? cocoa e aus oe aaee kok 2.0—- 4.0 
Co 1.2 (av.) 
P54 s22cerdwannwess 0.3- 1.0 


13.0-20.0\1 
70 .0-80.0; 


Volatile matter............ 
Hixed earbon........... 


' Ash free, dry basis. 


The average composition of dust was 
ind to be: (a) from floors, 65 to 70 
‘cent. stone dust and 30 to 35 per 

cent. coal dust; and (0) from roof and 

sides, 75 to 85 per cent. stone dust and 
io to 25 per cent. coal dust. But 
newers are only exposed to risk of 
inhaling such dust when passing along 
ihe roads to and from their work. 
the stone dust is definitely placed 
iong the roads to prevent the passage 
in explosive wave. 

The average temperature of the 

orkings throughout the two pits was: 


Dr? Wet _ 
Bulb Bulb ‘umedity 
os 7 On of 
pie 72.5 70.3 82-94 
Z vesese Cit 63 6 90 


The ventilation at both pits was good. 


PuysicaL RECORDS 


Forty-eight apparently healthy 
hewers were chosen for study. Their 
ages ranged from 33 to 65 years, aver- 
aging 50 years; six men were under 40 
years, and five were 60 years or over. 

These men had worked underground 
on an average 34.1 years; the periods 
ranged from 17 to 54 years. Five had 
worked for less than 25 years, and seven 
for 45 years and over. Only seven of 
the men had begun their work over age 
20; and of these, six had started work 
under age 22. Twenty-one were be- 
tween ages 14 and 20 at commence- 
ment, and twenty were under age 14, 
one of whom was only aged 10. 

Ten men had done farm work for 
seven years or less before going under- 
ground. All the men were hewers of 
coal, working at the face. ‘Twenty- 
one of them, however, were found to 
have done various other forms of col- 
liery work; and these are dealt with 
as a separate group. 

The average standing height with- 
out boots was found to be 655 inches. 
The average weight in shirt and 
trousers (forty-seven men) was 132; 
pounds. The average chest measure- 
ment at full inspiration was 36.2 inches, 
and at full expiration 34.5 inches, 
giving a difference of 1.7 inches. 
Interest attaches to considering these 
physical data according to age. Here 


the miners may be divided into three 
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groups: one containing fourteen men 
under 45 years of age, with an average 
age of 40 years; a second containing 
sixteen men aged from 45 up to 55 
age of 49.7 


years; and a third containing eighteen 


years, with an average 


men aged 55 years or over, with an 


average age of 58.8 years. Years 


TABLE 1.—PHYSICAL DATA IN RE- 
LATION TO AGE GROUPS 

| 

on 1 

fx) 7. 

Zz > 

AGE GROUP a", . - ‘* 
a o = KZ. 
a O| B S| m 
/7 }7) I} mn 

[inder 45 IS 5 65.71131.1)| 2.07 
15-55 . ....| 32.6) 65.511382.2) 1.75 
55 and over 11.2) 65.3'1386.0) 1.50 


underground naturally increased with 
age; height slightly diminished; weight 
increased; and chest expansion became 
Table 1). 


less (see 


RADIOGRAPHS OF CHESTS 


The chest of each hewer was radio- 
graphed, and the films were carefully 
and repeatedly examined. Division 
into six classes according to the general 
characteristics of each film was found 
possible: 


Class A.—No 


existed in 


abnormality 
But 
these in one ease there was evidence of old 


noticeable 


twenty-two films. among 
trauma; in another, with no general charac- 


teristics, the film was heavy; and in two 


others slight arborization was noted, but 
within normal limits. In some of the films 
mottling was 


felt, 


that the appearance should be disregarded, 


the existence of very faint 


suspected; the observers however, 


as possibly being an artifact. 


Class B.—Unusually definite arboriza- 
tion was present in two cases. 
mottling existed in 


i 


Class C.—Unusual 
nineteen cases which may be_ subdivided 
into: (1) seven cases showing fine mottling. 
which in unilateral, 
one addition thickened 
pleura; (2) three cases showing medium 


one case was whil 


other showed in 


mottling, which in one case was unilateral: 
and (3) nine cases showing coarse mottling 
Class D.—Signs of old pleurisy appeared 
in three cases. 
Class H.—One case exhibited 
early pulmonary tuberculosis. 


signs 


Class F.—QOne case displayed a honey- 


comb appearance which could not be clas- 
sified. 


When the films thus classified are 
distributed according to age groups, 2 
definite increase in the proportion of 
radiographs showing abnormal shad- 
ows is found to go with increase in ag 
(see Table 2) 


ent in 35.7 per cent. of the youngest 


Abnormalities are pres- 


TABLE 2.—RADIOGRAPHIC APPEAR- 
ANCES IN RELATION TO AGE 
GROUPS 


RADIOGRAPH CLASS 
AGE GROUP — 


yrs. 

Under 45... 7 91/1/3/0/1/0 
45-55.................191015/2/0/0 
55 and over..........;4}1/|11/1/0) 1 


TABLE 3.—RADIOGRAPHIC APPEAR- 
ANCES IN RELATION TO UNDER- 
GROUND GROUPS 


RADIOGRAPH CLASS 
UNDERGROUND GROUP) - 


AIBICIDIE!! 


yrs. 
Less than 30 ld; 1;3;1)1 1 0 
30-40 7 l 7 0; Qi) ( 
40 and over 4'0/;9;2:10) 1 
a2 


Jan., ! 
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K., aged 56. Underground 36 vears.* kr A., aged 44 Underground 26 years: 
vht 66 inches; weight 1415 pounds; chest 2 vears with coal cutter. Height 65? inches: 
375 inches. weight 1375 pounds; chest 373-35 inehes 


‘oarse mottling. Emphvsematous chest %# Fine mottling 
hypertrophied heart , 





1 D., aged 44. Underground 25 vears DoJ. Mo aged 48.) Underground 29 vears: 

L 65 Inches; weight 126 po unds: chest Oo VeCHrS us repalre! lleight 64 mehes 

Inches. welght 126 pounds: chest 35-325 inehe 

rization \s nearly a normal radiograph of eh 
eould ay SC Cy) 

“udlographs of workers In Stub-meta DUO and orthocarbonsaeceou COE 
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age group, In d5.S per cent. of the mid- 


dle age group, but in 77.S per cent. of | same tendeney for abn 


inerease with 
(Table 3). 


‘) 
ode 


the oldest anu LO 


e YrOUP. 


The miners may also be divided into Here abno 


three groups, vecording to years under- in 35.3 per cent. of 1 


years 





INDUSTRIAL HYGIENE 


cording to underground groups, t] 


ormal shadow 
Is presel 
rmalities oee 


hose employ 





eround: (a) containing seventeen men — for the fewest vears, in 53.3 per cen 
TABLE 4 RADIOGRAPHIC APPEARANCES IN) RELATION TO PHYSICAL 
DATA 
PERLOD CHES 
RADIOGRAPH CLASS AG] UNDER- HkeilGiH'd WEIGHT KAPAN 
GROUND STON 
 < in. lh). ‘vi. 
(‘]s \ 16.7 30.4 O64 134.0 1 9 
C*]s (' (1) and (2 OL .o ao.2 64S lsée.o 1.7 
Class C (2) and (8 99.3 so H4 4 131.4 l.3 
PABLE 5. OTTER OCCUPATIONS OF MINERS WITH IN TERCURRENT WORK 
. © | lo} OCCU PATION LENGTH OF TIMI 
) hauler and rider », 4, 2 vrs 
| doorboy 3 ls 
| repairer . a ee | VIS 
Z oceasional du {1ne t vrs, ago each 
3 conveyor Oo Vvrs., 2 vrs., 4 mos. 
eon! puneher not stated (a short while 
eoal cutter 2? vrs., 9 mos., 9 Mos 
re paires vrs 
ln bores 2 vrs 
r¢ pare! 2 Vrs 
Vpaorer {) TOs 
laborey o VIA 
CONnVEVO!] rCW WnOs 
reparres 2 vrs 
hauler and rides 2 vrs 
COnVEVOT | Vi 


30) vears underground. 
Of 24.9 ve fy) 


\\ ith less than 


ana Ath average LL « COTl- 


taining fifteen men with 30 veurs but 


less than 1() vears underground, and 
anoaverage of 35.7 vears: and (¢) econ- 
taining sixteen men with 40 years or 


Over underground, and ah average ot 


4.6 years 
\\ hen 


the films sre distributed ae- 


he middle group, and in 7 


1 


of those in t 
per cent. of those employed longest 
sut there isa considerable overlappin 
with the age grouping, sinee the max 
In 


mum nnd minimum 


AVES group 

were respect Aw ly 50 and 33. in group 

5S and 42, and in group ¢ 65 and 52 
Further study by grading the radi 


graph elasses seeording LO} he existenc 
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e 


of especially significant shadows gives 
‘he average findings presented in 
Table 4. Here is shown in another 
way the association of abnormal 
shadows with increased age and years 
underground, and with diminished 
height and chest expansion; but al- 
hough it has been shown previously 
t average weight increases with age, 
ere is evident a diminished average 
veight associated with an increase in 
abnormal shadows—even though t! 
with the 


1e 


average ages increase 


shadows. 
W orRK 


\IINERS WITH INTERCURRENT 


This group of twenty-one men had 
followed other occupations as well as 
Table 5). When 


hewing (see 


TABLE 6.—COMPARISON OF RADIO- 
GRAPHIC APPEARANCES IN HEW- 
ERS ONLY AND IN HEWERS 
WITH OTHER WORK 


RADIOGRAPH CLASS 





MINING GROUP 


wers only........./15; 1} 9{|2/0/0 


tlewers with other | 
| work as well....... 17 | 1 10 & | is 


films were separated from the others 
and carefully studied, the distribution 
appeared to be quite haphazard, with 





their 


the exception of the fact that all three 
men who had worked at coal cutting 
had abnormal radiographs. Never- 
theless, there is some excess of abnor- 
mal X-ray appearances in this group 
as compared with the other twenty- 
seven men who had been hewers only 
(Table 6). 


CONCLUSIONS 


In this series of 48 coal hewers, 
abnormal X-ray appearances are found 
to be present in 26. The appearances 
are generalized in 18 out of these 26, 
unilateral but extending through a 
large area in 3, and more localized in 4, 
while 1 ease was not classified. 

The 
shown to be associated with high aver- 
age age, perhaps still more with a high 
average of underground years, and 


abnormal appearances are 


definitely with a low average height 
and chest expansion. A _ noticeable 
point is that the average weight of 
the group in which abnormal shadows 
are densest, is lighter than the gen- 
eral average, in spite of the high 
average age. 

These facts point strongly toward 
the conclusion that the 
X-ray appearances found, are associ- 
ated with more physical deterioration 
than is produced by the passage of 
time or the prolongation of under- 
ground life alone. 


abnormal 
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TEAM REPORT NO. 2 


4 





REPORT FROM THE CEFN MABLY GROUP ON 41 HEALTHY 
MINERS FROM THE NINE MILE POINT AND THE 
LLANBRADACH COLLIERIES 


W. Davises, A. CARVETH JOHNSON, AND J. L. THoMaAs 


(‘OLLIERY CONDITIONS 


HI! collieries concerned in this 

part of the investigation are 

situated in adjacent valleys; the 
Nine Mile Point Colliery is in the 
Western Valley of Monmouthshire, 
and the Llanbradach Colliery in the 
Rhymney Valley which is on the east- 
ern side of Glamorganshire and border- 
ing on the county of Monmouth. 

The of Llan- 
bradach Colliery, which does not differ 
very materially from that of the Nine 
Mile Point Colliery, is as follows: 


formation 


ecologic 


, ’ ' 
} / oot seam 


ft./an. 

Clift top. 

Clod a 0/7 
Coal | .... 2/0 
Stone ., O/1 
Coal L/S 
Rashings 0/2 
Coal 1/9 


Strong fire clay bottom. 


The miners were selected by their 
own representative who had an inti- 


mate knowledge of their industrial 


history. The majority of the men 
examined—namely, thirty-one—were 
working in the 4-foot seam at Lian- 


bradach. ‘The eoal from this seam is 
as is also 


Nine Mile Point Col- 
[{ is composed of 5.8 per cent. 


classed as semibituminous 
the eoal in the 
liery. 
ash, 24 per cent. volatile matter, and 
70.2 per cent. fixed carbon, ete. 

The chemieal composition of the 


shale dust taken from a eclift above the 


6-foot seam and at first used for stone 
dusting is: 


% 
 {COs.... 3.94) 
Total vol . : - init 


Carbonaceous matter... 
SiO. (combined) 


5.20 
31.96 
23.10 


OG 
Al.Qs, Fe.O; wer a foe eee 29 98 
cs ceectkawavabvoues 2.73 
ER nt tt aie bee Oe 5S 0.65 
Alkalies.............. 2.00 
100.00 
Latterly, however, this dust has bee: 





mixed with fuller’s earth or with ear- | 
bonate of lime. It is proposed, in the | 
future, to use a mixture of carbonate 

of lime and lime dust only, omitting | 
the shale dust. 

The following readings of tempera- 
ture, taken on the same day, indicate 
the average temperature of the work- 
ings throughout: 


Wet Dry 

Bulb Bulb 

Intake airway....... 55.0 56.5 

Coal face, intake end... 65.0 67 .0 

Coal face, return end... 66.5 69.0 
Main return airway, 

OO BEG sce cecx, oer BS 71.0 


The surface temperature, taken in th: 
fan was 74°F. and the baro 
metric pressure 29.19. 
well ventilated 


house, 

The workings 
and a total of 
7 elas — ° " 11 
370,000 ecubie feet of air per minu 
is circulated. 


are 


J.I. u 
Jan., 19 
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In both the Llanbradach and the 
Nine Mile Point Collieries the lighting 
is by safety lamp; no naked light 
is used. 

The method of working the coal in 
these collieries is that known as long- 
yall. In this system, no pillars of coal 
are left to support the roof, all the coal 
being extracted in one continuous line 
ealled the face; the space behind this 
face is called the goaf or gob where 
stone walls are built and rubbish is 
packed, on to which the roof subsides 
behind the hewers. There is usually 
plenty of stone and rubbish available 
for packing from the roadways. This 
method of working the coal enables the 
hewer to take advantage of the roof 
weight in working the mineral, thus 
making the use of explosives unnec- 
essary; also, it greatly simplifies ven- 
tilation, which is generally good in the 
working face. 

The hewer, in the collieries investi- 
gated, is called upon to do other work 
than the getting of the coal; he is 
responsible for the packing of the gob, 
and also for the maintaining of suff- 
cient height for men and horses on his 
roadway. The subsidence of the roof 
on the gob makes it necessary for him 
either to rip the roof or to cut the floor 
of the roadway. Generally it is the 
roof which is ripped, and as much as 
possible of this is done without the aid 
of explosives; but the hewer has often 
(0 bore holes in the roof in order to 
xet the ripping done. Thus all hewers 
«re called upon to do a certain amount 
of hard ground work, and are, there- 
lore exposed to stone dust. 


PHysIcaAL RECORDS 


_ 
‘he forty-one men examined all 
‘ated that they did the repair work 


on their own roads. Twenty-two had 
done work other than the ordinary 
work of the hewer: six had done hard 
ground work, the shortest time being 
3 months, and the longest 5 years; 
eight had worked as hauliers for 
periods ranging from 1 year to7 years; 
two had been repairers for 2 years and 
33 years, respectively; one had worked 
as a haulier for 5 years and for another 
5 years as a laborer; one had worked 
on hard ground for 6 months and as a 
haulier for 2 years; one had _ spent 
6 years in the lead mines and 3 years 
on hard ground; one had been a stone 
quarryman for 3 years; one a farmer 
for 2 years; and another a blacksmith 
for 5 years. 

The average age of the men was 423 
years; the youngest man was 28 years 
of age and the oldest 62 years. The 
average number of years spent under- 
ground (underground age) was 28, the 
range being from 14 to 49 years. Six- 
teen men had worked for less than 25 
years, and three men for 45 years and 
over. Allthe men had begun mining at 
anearly age; twenty-six were between 
14 and 18 years and fifteen were under 
14, three being 10 years of age. 

Their average standing height with- 
out boots was 66 inches; the maximum 
was 70} inches, and the minimum 60 
inches. The average weight in trou- 
sers was 136 pounds; the maximum 
and minimum, 1664 and 106{ pounds, 
respectively. Chest expansion aver- 
aged 2 inches, the range being from 
three-quarters of an inch to 3} inches. 

Dyspnea on. exertion com- 
plained of by twelve men, and three 
men had cough with sputum in the 
mornings. [ight 


Was 


gave a history of 


respiratory trouble: three bronchitis, 
four pleurisy, and one double pneu- 
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monia. ‘There was a family history of 


tuberculosis in four cases. 


RADIOGRAPHS OF CHESTS 


leach radiograph has been examined 
and described without reference to the 
man’s occupational or other history. 
The whole number have been classified 
on the lines suggested by the South 
African Miners’ Phthisis Medical Bu- 
reau, with one additional group—that 


TABLE 1.—CLASSIFICATION OF RADIOGRAPHS 


CLASS 


RADIOGRAPHIC APPEARANCES 


mal or hypersthenic type hearts; and 
only four cases showed the central or 
asthenie type which is so common in 
cases of pulmonary tuberculosis. 
The anthropometric data have been 
tabulated according to the amount of 
fibrosis in the radiographs (Table 2): 
for this purpose the radiographs have 
been divided into three classes: 1 and 
2 of Table 1 forming class A; 3 and 4, 
class B; and 5 and 6, class C. The 


\HEWERS 
| CASES | bp 

| ONLY 
| 


1. Normal thorax (N. T.). Normal shadows | > | 0 
2. More fibrosis then usual | Increase in the large’ branch 6 | 4 
(Mi. Be Usd fibrosis. 
3. More local fibrosis then | Increase in branch fibrosis with or 7 5 
usual (L. F.). without mottling, and localized 
in the lung fields. In our group | | 
this increase was apparent more | | 
especially toward the right base | | 
and the middle transverse zone. | | 
4. Commencing generalized | Generalized fine  arborization | 4 | 2 
fibrosis (C. G. F.), throughout both lung fields with | | 
partial small specific mottling, | | 
silicotic in type. | 
5. Moderate generalized fi- | More marked arborization than in | 19 | § 
brosis (G, F’.). the previous group, with sym- | 
metrical small mottling through- | | 
out both lung fields. | 
6. Well-marked fibrosis | Symmetrical generalized medium | 2 0 


(E. F.). 


of “more loeal fibrosis than usual,’’ 
(Table 1, No. 3)—as it was found that 
a group of seven radiographs could not 
be fitted into.the original classification. 
One radiograph showed evidence of 
old pulmonary tuberculosis in the left 
upper lobe, and has not been included 
All the hard 


eround workers except two had 


in the groups in Table 1. 
ven- 


eralized mottling throughout the lungs. 
The majority exhibited either nor- 


mottling. 


weights have been compared with the 
body weight in health according to 
height and age accepted in the medico- 
actuarial standards of the United 
States (1912). 

The numbers in each elass are small 
and great caution is necessary in draw- 
ingany conclusionsfromthem. Ther 
are wide variations in classes A and ‘ 
the the oldest 
miner was 52 years of age and had 


é.g., in former class, 


J. 1. 
Jan., | 
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I., aged 48. Underground 34 vears; 
ier 5 vears. Height 60 inches; weight 


pounds; chest 345-827 inches. 


ll-marked = fibrosis as evidenced by 
e mottling throughout both lunes but 


marked on the right side, 





°)- ): 


aged 35 lL nderground 23 vears 


ry 


‘ut right Dase 


Radiographs of workers in semibituminous coal 


70) inches ‘weroht 156 pouty Is: chest 


eneing generalized fibrosis seen as 


Tr) ration with SOIL specific mottling 


*- 

ww 
- 
~ 





WP... awed 51. Underground 35 vears 
Height 70 inches; weight | 4 pounds; chest 


) 


37-35 inches. 


MIlIoderate generalized fibrosis, accom 
panied by fine mottling throughout both 
lungs. 


BR 


R. Fy aged 52. Underground 38S veut 
Height 65 inches: weight J $27 pounds  ehest 
374-855 Inches 

Norma] thoran 
this man had worked for many vears under- 
ground without apparent lung injury 


It is to be noted that 
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worked thirty-eight years underground, The anthropometric details and t} 
His radiograph was regardedas normal, radiographic appearances were thi 
and the lung fields were elearer than tabulated aeceording to these thr 
those of the younger miners in the = groups (Tables 3 and 4). 

same ¢@lass who had spent much less Classified in this way the = radic 
time underground, On the other graphs show that length of time unde 


TABLE 2.) RADIOGRAPHIC APPEARANCES IN RELATION TO 
ANTHROPOMETRIC DETAILS 


PERLOD CHEST ee 
WO. OF RADI IOGOaGRAPH Ra STANDAI 
1G UNDER HEIGHT EXPAN- WEIGH . 
hiiM CLA WEIGH 
(GROUND SLON 
ti iM. lbs. lh 
s Class A 3.2 21.50 64.94 2 10 141.70 145.0 
Vises imeum 5D? OV os OO 69 70 3 2D 193.75 
\iinimum 20 OO lo CO 61 50 1 OO 27 OO 
I | Class B 5S CeO 94 47 66.50 1 SS 144. 00 149.0 
\ilaaximoun “1 (4) 20 OO 70 25 3 00 166. 25 
\linimum 24 00 20 00 60.00 1 25 21.490 
) (*]s $ yD FD 29 OF 64. 50 l 67 134.50 14? 5 
VieeX imum OH? OO 19 OO 70 VD 3 CO 159 25 
Vidniiouy P&S OO} 14 OO H0 OO 0.75) 106.75 


hand, ¢liss ( ineludes a miner of 25 9 ground alone does not produce a pro 
vears of age who had worked only four- — gressive fibrosis, for group 6 has 
teen years underground, 2nd yet whose smaller number of  well-establishe: 


radiograph showed ns mueh mottling fibrotie CHSeS than the other tw: 


as those of other miners in the same groups; this apparently contradict 
¢lass who had worked forty-nine years Table 2, but we would again emphasiz 
underground Llowever, Table 2 iwp- that the numbers in eneh PTOUP al 


pears to indidente that with inerensed (oo small to form a basis for reliab! 


fibrosis there is a lenethenine of the  eonelusions. Still. Table 4 does sug 


period underground, 2 diminished gest that there is some other factor, 0 
chest CN POSTON and oa deerensed factors, at work in producing fibrosis 
weight There are two main factors in th 


The forty-one miners have been causation te be considered: namely 


divided into three approximately equal |) suseeptibility to fibrosis when e 
CTOUpS, secording to the amount of posed to dust, and (2) the nature | 
time spent underground, as follows: the dust. With regard to the forme 

fourteen miners who had worked our present state of knowledge do 
from Lt to 23 vears, with an average not allow the forming of a definit 
of 20 vears: (b) fifteen miners who had — opinion, but attention is drawn to tl 
worked from 24 to 33 vears, with an two eases previously referred to in th 
average of 20 veurs inal (1 twelve re por which lead one to think th: 


miners who l) ic worl ave 4 Vears and such tl factor Cannot he excluded fro) 


OVE, with a SA VeTage ot HO.35 Vears consideration. 








— 
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The miner of 52 years of age who had 
worked thirty-eight years underground 
shows no evidence, in his radiograph, 
of abnormal fibrosis. Either he has 
an immunity to injury on exposure to 
dust or he has been lucky enough not 


his radiograph shows more fibrosis than 
can be accounted for by duration alone 
of exposure to dust. 

The question whether nasopharyn- 
geal trouble had any effect was con- 
sidered. Two cases had definite nasal 





TABLE 3.—ANTHROPOMETRIC DETAILS IN RELATION TO UNDERGROUND 








GROUPS 
aman EnananeStonsntepenasangnelnelt _ a - ss = rear Soaeesiianintieisiniepnaeinadiostianeniant oe : 7 : 
| | PERIOD | CHEST | 
<a aetiatniimaiiiie a : iin. | terewemals iirienee - | STANDARD 
UNDERGROUND GROUP | AGE | UNDER- | HEIGHT EXPAN- | WEIGHT | au 
| | GROUND SION | wl 
——w SD eS = — ———————— on ” — o- : - 
yfs. | yrs. | yrs. | in. | in, lbs. | lbs. 
14-23. . | 25.35 | 20.0 67 .29 2.33 142.68 | 150.5 
CE cxicknpannrkvereren 41.73 | 27.0 65.59 1.83 140.25 | 145.0 
eC 6, re 53.83 | 65.68 1.89 137.50 | 149.0 


40.3 


TABLE 4.—RADIOGRAPHIC APPEARANCES IN RELATION TO UNDERGROUND 
GROUPS 


M.F.U. | L.F. | C.G.F. | G.F. | E.F. 


UNDERGROUND GROUP | NT. | T.B. 
Yrs 
Sp eee ar l Q ] 3 2 Z 0 
CM eee kee a eee (0) ] y 4 2 2 | 
tg. eee ee | l | 0 0 QO | 0 10 l 


» have been exposed to such concen- 
(rations of dust as would produce 
brosis. It is hardly eredible that 

could have worked so long a time 
underground without often being ex- 
posed to high concentrations of dust. 

The other ease is the young miner 
of 28 years, who had worked only 
fourteen years, and whose radiograph 
exhibited marked Here, 
her there is an increased suscepti- 


fibrosis. 


? pli¢txy t : ’ > f 
lity to fibrosis, or the man has been 
niortunate enough to have been con- 


ntly exposed to high concentrations 
injurious dust. He 
er work than that of a hewer, and 
reasonable to assume that the con- 


+ ions 


has done no 


’ 


under which he has worked are 


Yet, 


m1 ho oe ] ty 
inuar to those of other hewers. 


obstruction and their radiographs show 
definite mottling. 
there 


In nine other cases 


was evidence of some naso- 
pharyngeal catarrh, but their radio- 
graphs are scattered indiscriminately 
throughout the various groups. 

The dust to which the hewer is ex- 
posed arises from two sources, coal 
and stone. The composition of the 
coal dust is a fairly uniform factor, 
but variations in concentration are 
common in different parts of the mine. 
On the other hand, the composition 
the 


It is possible 


as well as the concentration of 
stone dust is variable. 
that 
varies considerably in different parts 
of the mine. 


the silica content of the stone 


Also the amount of hard 


ground work which the hewer has to 
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do varies with the rate of subsidences 
This 
rate is rarely uniform and is often more 
rapid in one district than in another 
in the same seam. 


of the roof on his roadways. 


Thus in estimating the cause of 
fibrosis these variable factors have to 
be considered, and further research is 
necessary in evaluating the part played 
by each. 


(CONCLUSIONS 


1. The majority of the men ex- 


amined show abnormal radiographs, 
twenty-one out of forty-one exhibiting 
generalized mottling. 

2. The mottling is similar in ap- 
pearance to that caused by the inhala- 
tion of silica dust. 

3. The investigation has shown that 
the hewer is exposed to stone dust as 
well as to coal dust; in deciding th 
cause of the abnormal fibrosis, there- 
fore, the possibility of silica dust’s 
being a factor 
excluded. 


causative cannot be 


TEAM REPORT NO. 3 


RADIOGRAPHIC INVESTIGATION OF HEALTHY COAL MINERS 
CARRIED OUT AT CRAIG-Y-NOS HOSPITAL 


ie 
COLLIERY CONDITIONS 


HIS investigation deals with a 
healthy 
miners who have worked for a 


group of forty-two 
period of fifteen years or more in the 


coal industry, but who have not 


worked in hard headings. ‘They may, 
however, have been liable to occasional 
work in relation to roof and walls and 
may, therefore, occasionally have used 
hand These 
worked for the greater portion of their 
time on anthracite coal in the Ystrad- 
gyniais and Abererave Collieries. 


drills. miners have 


The mines are situated at the north- 
the 
The ineli- 
nation of the measures near the out- 


ern outerop and the seams are at 


base of the coal measures, 


crop is 7 inches per yard, and where 
the seams are now worked 2 inches per 
The greatest 


yard, or almost level. 


amount of cover is 220 yards. 


IK. JORDAN AND L. R. CLARK 


Three seams of anthracite coal ar 
worked at each mine, w22., 4-foot, 
9-foot (or big vein), and peacock 
The analyses of the 4-foot and 9-foot 
coals are: 


Se ATi 

4-Foot 9-F 

O7 ( 

0 / 
re 93 .00 93 . 60 
Hydrogen............. 3.50 3. 60 
Oxygen and nitrogen 3.40 2.54 
Volatile matter....... 6.138 583 


The analysis of the peacock coal is not 
available. 

The geologic formation of the 4-foo! 
and 9-foot seams is as follows: 


4-l’oot Seam 


ft. 
Strong clift. 
Small stone Secreta 0/3 
Clod... ve te eeeeee 0/0-0 
Coal errr | fi 
Cornish a i ... 0/6 
Hard fire clay See eeeeee. 3/0-4/| 
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9-Foot Seam 


Chit. ft./in. 
a te Cae Bee Lae ee 0/0-0/6 
Pe ra eek a kS kas ale Se ewe 3/6-4/6 
RT ONE. 5 xcs ou 4 4 owe nee 2/2-2/6 
Brass natured band........... 0/3-0/4 
8 RR A 2/0 
ek 26 a dha eerie ide 
| ae 0/3 


[he peacock seam is not essentially 
different from the 4-foot seam. 

Hygrometer readings taken 100 
yards from the first working place in 
each seam are: 


Wet Dry 

Bulb Bulb 

A 7. 
rerave: 


4-foot seam............. 54 60.0 


9-foot seam.......... .. o4 60.0 
Peacock seam.. Cones 32.0 
Surface.......... toe. OF 58.0 
International: 
t-foot seam ee ae 59.5 
9-foot seam............. 55 a3 .3 
Peacock seam...... .. 06 97 .O 
ly) 54 57.0 


The quantity of air passing is as 


LOWS: 


100 Yards 


Main from First 
Intak. Working 
Place 
lhercrave: cu. ft. per min. 
t-foot seam..... 31,240 2,970 
2 800 
9-foot seam 7.290 2 S70 
Peacock seam... ...... 3,229 
[) national: 
t-foot seam..... 14,601 6,000 
J-foot seam..... 10,501 3,269 
Peacock seam... 2,896 2,064 


ihe roads leading to the workings 
wet, but where the men work, the 
are fairly dry, and a fair amount 


lust is made in getting and filling 


- coal, 
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PuysIcaL ReEcorpDs 


The average age of the forty-two 
workers examined was 48; the eldest 
worker was 65, and the youngest 33 
(with the exception of three men over 
60 years of age, the eldest was 54). 
The average period worked in coal was 
thirty-two years, the longest being fifty- 
seven and the shortest nineteen years. 

All the miners considered themselves 
as fit for work, but in a considerable 
proportion of the cases there was dis- 
tinet evidence of varying degrees of 
ill health not normally to be expected 
in a similar group of outdoor workers. 
Only one man complained of shortness 
of breath, and he had reached the age 
of 65 years. Most of the workers, 
however, appeared to have defective 
air entry, the average chest expansion 
being 1} inches; and this is borne out 
by the vital capacity statistics given 
in Table 1. 

These vital capacity records are based 
on the standard figures published by 
Professor Georges Dreyer.! The vital 
capacity, in each case, was measured 
by means of the spirometer of Boullite 
of Paris and is expressed in liters and 
decimals of liters. 

Dreyer, in his book of standards, 
divides persons into three classes, A, 
b, and according to occupation. 
Class A refers to men, such as army 
and navy personnel, engaged in work 
calculated to keep them in good train- 
ing. Class © refers to men, such as 
shopkeepers and shoemakers, whose 
lives are passed in less healthy sur- 
roundings. Class B is intermediate 
between A and C., 


1 Dreyer, G., and Hanson, G. F.: The 
Assessment of Physical Fitness. London, 
Cassell & Co., Ltd.; New York, Paul B. 
Hoeber, 1921. 
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TABLE 1.—VITAL CAPACITIES 


VITAL CAPACITY | VITAL CAPACITY 
W EIGHT | VITAI CALCULATED FROM | CALCULATED FROM 
MINILR NO. WEIGHT CALCULATED WEIGHT TRUNK 


~~ | CAPACITY 
FROM TRUNK on _ de ae 
Class A! Class C | Class A | Class C 


st./lb./oz. st./lb.0/2. l. i l. l. | , 


| 11/ 8/ 2 10/ O/ O 2 &0 + 62 3.94 1.16 3.55 
2 11/ 1/14 Q/ 0/ 7 3.20 4.47 3.82 3.86 | 3.30 


~ 
tomes 
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bo 
OS 
—_— 
Oo 
— 
~] 
a.e 
ad ~~ ad ad 
a 
r 
ee 
f-~ 
9 | 
~_—~ 
— 
os 
Aw 
x 
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} R/ / 38 10/ 6/ 4 2.90 S.ia 3.18 4.29 3.66 
, 9/ 3/12 12/ 0/ 3 2.91 3.92 3.35 4.74 | 4.05 
6 &/ 9/12 9/ 3/ 6 3.09 3.74 3.19 3.93 | 3.39 
7 9/ 3/ O 8/10/ 2 2.70 3.92 3.35 O.44 3.22 
S Q/ 1/12 Q/ 1/14 2.44 3.8% 3.3. 3.89 3.02 
q 9/ 3/12 Q/12/ 7 2.84 3.92 3.00 4.12 3.62 
10) 9/ 6/ & 8/ 4/ 9 2 63 3.98 3.40 3.64 3.1] 
1] 8/ 8/ 4 Q/ 1/14 2 67 3.42 o.16 3.89 3.02 
|? Q/ 5/ OU 9/12/ 7 2.30 >. 96 o.00 er. o.02 
13 S/ QO/ BS Q/ 7 ) 2.8)D 3.44 3.19 3.40 3.16 
14 Q/ 7/ 4 Q/12/ 7 2.50 4 Ol 3.42 Pe. 3.02 
15 8/ 9/12 10/ 4/11 2 60 3.74 3.12 4.26 3.63 
1 10/11/ 6 10/11/ 3 2.50 $+ 39 3 49 4 39 3.7! 
17 Q/ 5/13 8/10/ 2 2 79 03.96 3. 2s eri Be 
Is &/ 5/12 8/ 3/ 3 5.44 3.65 ,. 12 3.61 3.08 
19 10/11/ 8 12/ O/ 3 1 14 4 31 3.40 1.74 $05 
20 8/ 3/ 6 S/ 4/ 9 2.40 3.61 3. OS 3.64 3.11 
o] 9/ 0/ O 8/13/ 0 2? 60 3.85 3.29 3.83 3.26 
22 Q/ 3/10 Q/ 1/14 >. 40 3.92 3.300 3.89 3.02 
2d 10/10/10 10/ 1/ 9 , 39 4.37 3.40 4 19 3.08 
24 S/ 4/ O 1O/ Y/ S 2.08 3.63 3.1 + 39 3.4 
23 Z/ UV 7/ 1/10 2.42 sos 3.06 3.20 ie 
6 Q/11/ O 10/ 6/ 5 , 62 4 09 3.49 t 29 3. 6 
27 9/12/12 9/10/14 ,.78 4.1] 3.5] t.09 o.4 
28 1O/ 9/ § Q/ 4/14 2.28 4.35 3.71 3.96 3.38 
2 Q/ 2/12 Q/ 6/ Od 3.20 o.90 3.00 3.99 3.4] 
30 7/ 2/ 0 8/10/ 2 2.42 . 26 2.18 o.4d 3.22 
I 8/ 5/] 10/ 6/ 5 1.80 3.65 | 3.12 | 4.29 3 
2 10/ 4/0 10/ 4/11 7 4.24 3.62 | 4.26 3. 
33 1O/ 3/ 4 8/10/ 2 2.10 ‘22 3.66 4 29 3. 
4 e / OU Q/ 4/14 2.30 3.6] 30S 3.96 3.0% 
oD » 5/ 6 S/ G7 .) , 34 3.6] 0.08 3.70 wt 
6 Q/ §/ 4 8/13/ O 4.15 4.03 , 44 3.83 3.26 
vi lO/ 4/ 2 Q/ O/ 7 2.60 4.24 3.62 3.86 3 
to 8/10/15 S/ 7/ O 2.30 3.40 3.21 § 70 5 
) Q/ 5/ § Q/ 3/ 8 ».09 3.96 , 38 3.61 0 
0 l1/ 5/15 9/10/14 ». 48 4.56 3.89 4 09 B. 4 
1] 8/ 0/12 Q/ 0/ 7 2.ae 3.54 3.02 , 86 3 
2 Y/ f $/ 0/15 2.385 3. OS 3.40 3.67 3 
Average s 5 ) Q/ 6/ 5 2.95 3.96 3.308 3.99 3 
J.1 
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Strictly speaking, the coal miner’s 
occupation, involving hard muscular 
work, should place the workers in 
class A. We have, however, compared 
them with both class A and class C, 
and have found that their vital 
capacity is considerably below that of 
class A men except in two cases, and 
that it is below that of class C men 
except in eight eases. ‘This is in agree- 
ment with the small chest expansion 
shown previously. 

The average vital capacity was 2.95 
liters, as compared with 3.96 and 3.38 
caleulated from average weight for 
classes A and C, respectively, and 3.99 
ond 3.41 ealeulated from average trunk 
length for A and C. 

[t will be noted that, in spite of the 
fuet that these men have been engaged 
) n an industry involving healthy mus- 
cular work, their vital capacity is 





markedly reduced below what might 
be regarded as normal even in workers 
, longing to Dreyer’s C group of oecu- 
9 pations. These men had submitted 


ihemselves voluntarily for examina- 
‘ion. ‘They had no idea of the signifi- 
cance of the vital capacity estimations, 


. and the possibility of any deliberate 
' attempt to record less than their maxi- 
9 mum may be eliminated. It seems 


clear that their very low readings must 
be caused, like their diminished chest 
vn expansions, by some factor in their 
16 environment leading to diminution in 
97 he movements of the walls of the 
‘horacie cavity and to a lessening of 
the air entry into the chest. 
Uhe weight of the men investigated, 
an ‘ Wil be seen in Table 1, is in fairly 
16 ose conformity with the weight as 
Ay culculated from the trunk length ac- 
Ording to Dreyer’s standards. When 
inpared, however, with the average 
TT: “ights for age and height accepted 
n., 1 ‘he medico-actuarial standards in 
United States (1912), the weights 





TABLE 


2.—BODY 


WEIGHT 


4] 


CALCU- 


LATED ACCORDING TO HEIGHT 
AND AGE 
(Medico-Actuarial Standards, 

United States, 1912) 


MINER 


16 
17 
LS 
19 
20 
21 
99 


93 
94 


PAS 


ae 


26 
7 


sa 


28 
29 
30 
9 
wv 


99 


OD) a 
33 
y 

o* 
30 
era 
ov 
DS hey f 
voi 
3s 
Ory 
wl 
40 
41 
42 


Total. 


| HEIGHT | AGE 


61 


64 |< 
65. 
HS .: 


64.. 


64 
64 


65.5 


«> 
bo ‘ 


65: 


65 
6 


~ 


63 


ss - 


ss 
a 


6 


t ~~ t we) Ww — —- Sed 


> bo 
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Gc 


re or kh WH DN CU ES 


—_— 


~ 


n 


ee oe CO VI 


yrs. 


45 
4-7 


a / 
49 
53 
4S 
50 


52 


61 
46 
53 
40 
56 
65 
53 
5d 
54 


52 


36 
39 
Fo) 


52 


45 
52 
55D 
54 
40 
5] 
AS 


39 


‘S 


Cr Oo ' 
. os ~ 


bo Ww 


~ 
-_ 


r 2.6 ° . -« -. Grn 
~>= ww ~ ee ew whe ~ 


n — 
-—— — © 
- 


- - '— “ry 
CO hr WO WA IV & we 


| WEIGHT | 
/ACCORD- 
| ING TO 
AGE AND 


| ACTUAL 
W EIGHT 


HEIGHT | 


lbs. 


149 
146 
166 
148 
17] 
144 
144 
134 
161 
141 
148 
149 
152 
148 
152 
L156 
148 
144 
165 


Oo 
144 
161 

150 
131 

135 
159 
147 
144 
136 
141 

150 
152 
144 
145 


1 Average loss of over 14 lbs. | 


compared with stand: 


ira We 





‘ights. 


lhs 
162 
156 
155 
120 
130 
122 
129 
128 
130 
132 


tc 
A de" 


131 
121 
133 
122 
15] 

32 


29 


me 


15] 
115 
126 
129 
L50 
116 
114 
137 
139 
149 
128 
100 
117 
144 
143 
115 
115 
134 
144 
123 
13] 
160 
113 


132 


“<r y 
0,900 


‘r head as 
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of these miners are definitely below 
the latter; the individual weights being 
less than the American standards in all 
except six persons. ‘Taken as a group, 
the average individual weight is about 
14 pounds less than it should be for a 
similar age and 


group of males of 


height. The actual weights are com- 
pared with the United States standards 
in Table 2. 

Here again there appears to be evi- 
dence that the general health of these 
men is, to some extent, reduced below 
that of the average for males of similar 
age and height in other occupations, a 
fact which is in line with the reduced 


vital eapacities above referred to. 


RADIOGRAPHS OF CHESTS 


Turning to the radiographic appear- 


anees, we find here also certain pe- 


eculiarities which characterize these 
anthracite miners as compared, on the 
one hand, with agricultural workers of 
similar age and, on the other, with 
miners in the softer steam coal of the 
Rhondda Valley and the semibitumin- 
OuUS conl of the eastern parts of the 
South Wales coal field. 

The X-ray changes were assessed 
according to the system suggested by 
Professor Cummins, a maximum of 10 
marks being allotted to each film under 
each of the three headings, mottling, 


and 


The total marks under each heading 


arborization, diffuse shadows. 
for the forty-two films were then added 
and expressed as a percentage of the 
possible marks. ‘This method, as was 
stated in the 


comparison between groups of films 


Introduction, allows of 


from various areas. 
The figures for diffuse shadows are 
oo small to be of value in the inves- 


tigation. Withregard to arborization, 


nothing characteristic was observed in 
the films as a result of the inhalation of 
coal dust, and it is probable that the 
arborization shown in a given film 
raries considerably according to the 
radiographic technic. The most sig- 
nificant change found was mottling. 
This may be coarse or fine, but in the 
accompanying tables both types have 
been considered together. 

With the exece tion of two films, all 
those from the Ystradgynlais and 
Abercrave area showed marked degrees 
of mottling; and it is suggestive that 
these two films were from men aged 
only 33 and 39, respectively. That 
the mottling increases with age, and 
with the period of work in anthracite 
coal, isshownin Tables3and4. After 
twenty years’ work in the anthracite 
collieries, a considerable 
mottling is present in the radiographs 
and this mottling tends to 
after further years of work. 


degree of 


It would 
also appear that a considerable amount 


increase 


of X-ray change is consistent with a 
fair degree of working health. 

It should be remembered that the 
Abercrave and Ystradgynlais Collieries 
are situated in an area in which quar 
ries occur and where the stone contains 
The 


films in many ways suggest the pres- 





a very high percentage of silica. 


ence of some degree of pulmonary | 
silicosis although the mottling is defi- ' 
nitely finer than that observed in 


typical films from silicotie gold miner 

in South Africa. 
It is difficult to a 

that this fine mottling, present to such 


void the conclusion 


a marked extent in the films from the 
anthracite colliers, must depend upon 
the presence, in the lungs, of a varying 
nodular fibrosis resulting 
from exposure to a dust capable of se 


amount ot 


Jan., | 
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\I., aged 53. Weight 121; pounds; I>. AMI... aged 64. Chest Si 38 | inches: 
c | 36-34 inches; vital capacity 3.09 liters weight and vital capacity not reeorded 
oarse mottling Tendeney to vertical Intense fine mottling 





is 





W., aged 52 Weight 1345 pounds; t VI... aged 54 Weight 149) pound 
Me Se) | Inches; vital CAUPAcily ..40 chest 3904-37 inches: vital capaeityv 2.28 liter 
Some arborization with fine mottling 
mottling with diffuse shadows: thr Suggestion of tuberculosis at right ape ev with 
Ible below Clavicles on each side calcareous gland (tf root Of right bunny 


\i rtieal heart 


) ly ; 
Radiograph cy? WoOrkel ? rrithirseite 
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TABLE 3.) MOTPTLING IN RELATION 


TO AGE GROUPS 


PERITLOD 


AGkK GROUP r os MOTTLING 
30.39 ( 7 films 36 20) 67 
10 49 (13 i 2d 70 
Qo (IS 2 2 ia 
COand over 
hilm | (} 2s LOO 
lealin 2 (}! 35 100 
leidin 0. 7 Teavy 
diffuss 


shadows 


\ Tt] j i) ¢ 
PABLIE 4 VIOTTLING $IN RELATION 
lOO YEARS OF WORK 
() ()] 
Op OF WORK MOTTLING 
c A | 
( ) ake under y | 
|‘) | — 3) | 
| | | 40 ran 
} 1] «| Ove] \*) 
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ting up a pneumonokoniosis; and 
learn from Professor Cummins that h 
and Dr. 


condition to exist in the lungs of ay 


Sladden have found such 


thracite colliers dying of intereurren 
disease. 

It would appear, however, that CV 
X-ray 
type are consistent with a fair degre 
of health; 


well-marked changes of th 


nor does the pneumon 


koniosis e@ausing these  abnorm 


shadows seem to be associated wit 
any marked tendeney to the high deat 
rate from pulmonary tubereulosis s 
constantly observed in the silieosis « 
the South Afriean gold fields ar 
elsewhere. 

There remains the question wheth 
the rather marked tendeney to an aug 
mented death rate from bronehitis j 
the older age groups of coal miners i 

sreconshire is connected with = thi 
pulmonary fibrosis, owing, perhaps, t: 


inhaled by 
To the elueid: 


some element in the dust 


anthracite workers. 
tion of the problem, a further radi 
oraphie study, direeted to siek rath 
than to healthy miners, appears desi 


able. 





GENERAL CONCLUSIONS 


\ perusal of thes 


compiled SCP Pale l\ by a 


(’ three reports, each 
‘Team otf ex- 
suggests that 


perienced medieal men, 


COeCTUOIN eenernl conclusions ay be 
drawn in sm plifiertion of the eonelu- 
sions arrived at by the individual 
‘Penmes 

lL. Prolonged exposure to the work- 
Ing conditions ineident to coal mining 
is frequently associated with the grad- 


ual development of alterations in. the 


raidiographie LpPpearanees of the lungs. 


2. These alterations are manifest 


a fine or coarse mottling throughor 


the lung fields, the type being CON 
parable with that observed in) X-r: 
films of the lungs of persons eCXPoOs 
to silien dust and to certain other dus 
eapable of leading to pneumon 
kOnILOSIS,. 

J. NO significant degree of mottli 
is to be seen in X-ray control films fro 
workers ot 


aericultural comparal 


ages and it is, therefore, legitimate 
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conclude that the mottling observed in 
\-ray films from coal miners is due to 
eonditions encountered in the industry, 
and especially to the inhalation of the 
dusts suspended in the air of coal mines. 

{. The lung alterations above de- 
seribed inerease in amount with the 
duration of employment, but even 
when present to a marked extent, as 
seen in X-ray films, they may be quite 
consistent with working health. 

5. The alterations, however, repre- 
sent a definite impairment of the lung 
structure and involve an increasing 
amount of interference with the respir- 

tory efficiency of the lungs as mani- 
fested in a diminished vital capacity 
and such general symptoms as gradual 
loss of weight and shortness of breath. 

6. How far these changes are opera- 

ive in the production of the respira- 
diseases to which South Wales 
coal miners are liable in late middle 
age and old age is not yet clear; but 
he fact that these diseases attain their 


tory 


NATIONALE UBERSICHT UBER GEWER- 

-RANKHEITEN NACH DEN HTEN 

(GFEWERBEAUFSICHTSBEHORDEN DER 
IC ULTURLANDER UBER DIE JAHRE 1920 BIS 
926. By EH. Brezina, Sektionsrat im 
undesministerium fiir soziale Verwal- 
tung; Professor an der Techn. Hoch- 
chule in Wien. Paper. Pp. 205 with 
ndex. Sehrift. a. d. Gesamtveb. d. 
Gewerbehvg., N. S. No. 24. Berlin: 
Julius Springer, 1929. 


PRI 





a a er 


This is a very valuable condensation 
the factory inspection reports for 

vears 1920 to 1926 in what Brezina 

| calls the ‘KXulturlinder,”’ in 
infortunately 


for his purpose be included. 


which 
the United States can- 

Out 
the wealth of this material it seems 


to select the less familiar indus- 





maximum incidence in the anthracite 
coal field where the X-ray mottling is 
found to a greater extent than else- 
where suggests a causal relationship 
between lung fibrosis and the respira- 
tory conditions common in old coal 
miners. It is to be noted, however, 
that the lung fibrosis of South Wales 
coal miners is not associated with the 
marked liability to pulmonary tuber- 
culosis known to complicate silicosis 
of the lungs. 

7. It may be added that recent 
pathologie observations, as yet unpub- 
lished, on the lungs of coal miners, 
carried out at or in conjunction with 
the Tuberculosis Department of the 
Welsh National School of Medicine, 
suggest that the lung opacities appear- 
ing as mottling in X-ray films are due 
to the development of lung fibrosis, 
and that this fibrosis is associated with 
an abnormal amount of silica in the 
lung ash and the retention of excessive 
coal dust in the lung tissues. 


BOOK REVIEW 


trial poisons, the more unusual sources 
of familiar poisons, and some unusual 
forms of poisoning from well-known 
agents. 

Under the first heading comes cad- 
mium. The English inspectors report 


two cases occurring in a paint factory 


from fumes from melting ingots. The 
symptoms were dryness in the throat, 
nausea, inclination to vomit, head- 


ache, quick pulse, and a deep brown 
urine. A more puzzling report comes 
from Germany where cadmium fumes 
were apparently responsible for illness 


in men recovering cadmium from the 


residue left in lithopone production, 
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for when the fumes were prevented, the 
cases of illness ceased. At the time 
these cases appeared, 1923, it was 
thought that arsine must be respon- 
sible but since then animal experiments 


have shown the harmful effeets of 
eadmium fumes. In 1925, however. 
five additional cases were reported 


from what is apparently a different 
factory also producing lithopone, and 
these are attributed 


but to 


Cases not to 
Here 
men were severely poisoned 


died 


cipitating 


eadmium arsine. five 
and one 


after inhaling fumes while pre- 
zine dust 


and dissolving the cadmium powder in 


eadmium with 


hydrochloric acid. It is stated that 
in the previous year there were ten 
cases with one death. ‘The process 
involved the production of nascent 


and 
the neid and in the zine. 
[english 


three eases of 


hydrogen arsenic was present in 


In an manganese works, 


poisoning in an early 
stage were found by examining all the 
employees. ‘Three more serious cases 
are reported from Germany bie two 


plants. The first. 


‘) 


a man of 33 years 
who had been employed for five years, 
had a mask-like face, disturbed speech, 
loss of power in his hands, diffieulty in 
tendeney to 


walking, retropulsion, 


attaeks of trembling. The other two 


had 


showed uncertainty 


been employed only a year and 
of gait and slight 
mask-like change of the face. 

A very unusual ease of poisoning 
from 


chemical factory in a man who worked 


barium was reported from a 


twelve days at a mill grinding barium 
superoxide. He complained to his 
family of gastrie distress from swallow- 

On the twelfth day he 
right-sided paralysis and 


ing the dust. 
developed 


died the next day. 


Barium was pres- 
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ent in all of the organs. The barium 
material was found to consist of 44 
per cent. barium superoxide and 56 
per cent. barium carbonate. The 
former, which is soluble in water even 
without acid, is very toxie and is ab- 
sorbed from the lungs and from the 
gastro-intestinal tract. 

Six cases of nickel carbonyl poison- 
ing with one death were reported 
England, being the first to occur in 
nineteen years. The men were work- 
ing for two hours repairing a filter near 
the subliming apparatus. 

A ease of 
woman exposed for 


tobaeco blindess in 

twenty-five years 
to tobaeco dust is also reported in 
Hngland. All other 


were ruled out. 


possible causes 


The acute illness of a German wor'! 


man who w: ferrovanadium 


s grinding 
was diagnos ny LS poisoning by ferro- 
vanadie acid. The 


dizziness, vomiting, 


symptoms were 
acid eructations, 
psychic disturbances of a 


not specified, a 


character 
nd skin eruption. 

Antimony poisoning was reported 
from Hamburg where some gr 
and incapacitated for 


ten days, suffering from dys 


sickened were 


pnea, head- 


ache, vomiting, conjunctivitis, and 
bloody purulent discharge from the 
nose. They were grinding metallic 


antimony. In Holland also a ease of 


antimony poisoning is described 
man who 





broke up large pieces of 


antimony. <A drug house in Germany 


reported symptoms’ of poisoning 


among packers of atropine, veratrin, 
and strychnine. 

1 . ° 
monochloride 1s, 


1 ley 
Sulphur strangely | 


enough, held responsible for one death 


in the rubber industry in Germany 
but no details are given. ‘There is 
also a report from Austria of a man 
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inhaling fumes of sulphur monochloride 
for some time who suffered from 
iaundice, marked loss of weight, and 
then sudden paralysis of the legs and 
of the sphincters of bladder and anus, 
and slight palsy of the forearm. He 
recovered after fourteen days. In 
neither report is any reason given for 
holding sulphur monochloride respon- 
sible for these cases. 

Phenylhydrazine caused acute poi- 
soning in a German workman, who 
was exposed for only a few moments 
to the fumes from a receptacle. After 
two hours he complained of severe 
headache, exhaustion, difficulty in 
<wallowing, and attacks of severe ab- 
dominal pain. He _ recovered after 
eight days. A short time before, the 
works chemist had suffered a similar 
attack without tracing it to its source. 

Among the unusual sources of well- 
known poisons is arsine poisoning in a 
copper smelter. The man was em- 
ployed in the copper cement depart- 
ment where copper is precipitated with 
iron serap. Galvanized iron scrap 
was mixed with the other scrap and it 
is probable that the zine contained 
arsenic. The gas was formed when 
the cement vessel was being emptied 
and the workman, who was not wear- 
ing a mask, was severely poisoned and 
unfit for work for sixteen days. Two 
fatal cases oecurred in the cleaning of 

sulphurie acid tank ear, in spite of 
‘he faet that the men wore masks and 
ie tank had been flushed repeatedly. 
\nother workman became ill while he 

cleaning a wrought iron storage 
ink which had held 40° Bé. sulphuric 
cid. The sludge that had collected 
driven up into the wash water by 


means of compressed air and the man 
dinnnad 


Upped it out, a eurrent of fresh air 


being driven past his face for protec- 
tion against possible fumes. He had 
to give up the work after a short time 
because he felt ill; five days later he 
died of arsine poisoning, the explana- 
tion being that the zine coating of the 
galvanized dipper he used contained 
arsenic. 

In a plant producing ferrosilicon 
where phosphorus-containing cast iron 
was used instead of phosphorus-free 
wrought iron, four workmen were 
poisoned by phosphine in packing the 
finished product. Fumes of phosphine 
from an acetylene torch in a Dutch 
shipyard caused a case of phosphine 
poisoning, and in a German acetylene 
production plant a ease of mild phos- 
phine poisoning developed in a man 
who was cleaning out the lime sludge 
tank. Another report of phosphine 
poisoning from Holland belongs to the 
now familiar series of phosphine fume 
poisoning from a eargo of ferrosilicon. 
These fumes caused the sickness of the 
skipper and his three children, the 
youngest of whom died. The cargo 
had got soaked with water. 

The viscose process of arificial silk 
manufacture is used in Germany, in 
Austria, and in Holland, and all these 
countries report cases of irritation of 
the eyes with sometimes severe con- 
junctivitis and burns of the cornea 
from the hydrogen sulphide which 
escapes in the spinning department 
and in the centrifuging. The Germans 
reduced the cases from 121 per cent. 
in the first quarter of one year to 
19.8 per cent. in the fourth quarter by 
installing proper fume exhausts. The 
Austrians reduced the cases from 15.2 
per cent. in 1923 to 4.9 per cent. in 
1925. Dutch inspectors have found 
as much as 87 mg. of hydrogen sulphide 
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in a cubic meter of air. If it can be 
kept down to 20 mg. they find that 
They also find 
the 
symptoms of which are very like those 
of chronie earbon disulphide poison- 


there is no complaint. 
evidence of chronic poisoning, 


ing—headache, drowsiness, weariness 
and loss of appetite, emaciation, 


trembling and twitching of the face, 
strange dreams, and in one case, a 
hy- 
drogen sulphide poisoning with con- 
junctivitis and sometimes keratitis are 
also reported from the Dutch sugar 
factories. Coins carried in the pockets 
of the workmen and 
paper soaked with lead acetate solution 


transient psychosis. Cases of 


are blackened 
turns black in the air of the workroom. 
‘he Germans report poisoning from 
this gas in the rubber industry, in the 
production of barium sulphide, and 
from various sources in the chemical 
industry. <A curious case is reported 
of a locomotive fireman who died in a 
few hours from edema of the lungs, 
attributed to the 
hydrogen sulphide and earbon mon- 


breathing of 


oxide from brown coal which was 
packed tightly around the boiler so 
that it was hot enough to give off these 
Vises. 

An unusually severe case of poison- 
ing was caused by the breaking of a 
glass container of sulphuric acid, which 


compelled a man to breathe the fumes 





for fifteen minutes. He developed a 
severe inflammation of the throat and 
larynx, and this was followed by 
‘arcinoma of the larynx from which 
he died ina few months. This is from 
the German report. Several severe 
cases of acute benzine poisoning are 
reported from Germany, from Eng- 
land, and from Holland, all from in- 
haling fumes in cleaning tanks or 
sopping up spillage or stopping leaks. 

Apparently some thirty-three (or 
forty-one?) new cases of bladder tumor 
among workers with coal tar deriva- 
tives have come to light in Germany 
during these six years. 

Several cases of acute benzol poison- 
ing are reported from Germany occur- 
ring in men exposed to heavy fumes. 
One of these seems to have been a 
case of unusual susceptibility. A 
entered an empty 
vessel which had been washed out six 
water. Shortly after, he 
consciousness and although he 
carried out immediately, 
oxygen was administered, he could not 


’ 


be brought to. 


workman benzol 
times with 
lost 
was and 
Since several plumb- 
ers had worked in this receptacle for 
some days, the employer insisted that 
benzol could not have been the cause 
of death: 


nevertheless, at autopsy 


considerable amounts of benzol were 
found in the organs, especially in the 


—Alice Hamilton. 


brain, 





